
DESCRIPTION  OPERATING TIME REDUCING METHOD, OPERATING TIME REDUCING
APPARATUS, PROGRAM AND COMPONENT MOUNTER 5 Technical Field [0001] The
present invention relates to an operating time reducing  method for a
component mounter that mounts components onto a  board. to Background Art
[0002] In component mounting onto a board performed by a  component
mounter, the mounting order for the components needs  be determined before
the component mounting. In a component  mounting order determination
method, the mounting order is 15 determined with the aim of minimizing the
time duration from the  start of mounting of components until the
completion of mounting of  all components. However, in a round robin method
in which all  possible component mounting orders are generated and then the
optimal component mounting order is acquired, the processing time 20
necessary for determining the optimal component mounting order  increases
as the number of mounting points for the components  increases, so that it
is difficult to determine the optimal component  mounting order within a
practical time. [0003] Thus, as a method for determining the optimal
component  25 mounting order within a practical time, a method employing a
greedy algorithm has been proposed (see, for example, Patent  Reference 1).
Patent Reference 1: Japanese Laid-Open Patent Publication No.  7-176891 30
Disclosure of Invention Problems that Invention is to Solve [0004] However,
in the component mounting order determination  method employing a greedy
algorithm, a component mounting point  



having the minimum cost (for example, the distance between  component
mounting points) is selected sequentially, and the 5 component mounting
order is determined. Thus, whereas the  movement distance between component
mounting points is small at  the beginning of component mounting, the
movement distance  between component mounting points increases when the
component  mounting approaches the end, and there is a problem in that 10
disorder (useless operation) in the movement between mounting  points
occurs. Thus, there is a problem that optimal mounting  order is not
necessarily obtained. [0005] Further, in order that optimal component
mounting order is  determined within a practical time, it is preferable
that the  15 processing procedure of the component mounting order
determination method is changed depending on the type of the  operation
loss that affects the time for mounting components onto  the board. [0006]
The present invention is conceived in order to solve the  20
above-mentioned problem, and has as an object to provide a  component
mounting order determination method that permits  determination of optimal
component mounting order within a  practical time. [0007] Another object of
the present invention is to provide an  25 operating time reducing method
in which the processing procedure  of the component mounting order
determination method is changed  depending on the type of the operation
loss that affects the time for  mounting components onto the board. 30
Means to Solve the Problems [0008] In order to achieve the above-mentioned
object, the  operating time reducing method according to the present
invention  -2 is an operating time reducing method for a component mounter,
the  method including: an operation loss identifying step of identifying
an operation loss to be resolved in the component mounter; a  



processing procedure selecting step of selecting, based on the 5 identified
operation loss, a processing procedure for reducing an  operating time of
the component mounter; and a processing  procedure executing step of
executing the selected processing  procedure. [0009] According to this
configuration, a processing procedure of  10 reducing the operating time of
the component mounter is selected  based on the operation loss. Thus, an
operating time reducing  method is provided in which a processing procedure
of the  component mounting order determination method can be changed
depending on the type of the operation loss that affects the 15 component
mounting time onto the board. Accordingly, a  component mounting order
determination method is provided that  permits determination of optimal
component mounting order within  a practical time. [0010] Furthermore, in
the processing procedure selecting step,  20 when an operation loss caused
by a component mounter provided  with a rotary head which, while rotating
about an axis, picks up  components and mounts the components onto a board
is identified  in the operation loss identifying step, a processing
procedure is  selected, the selected processing procedure is a component 25
mounting order determination method for a component mounter  that mounts a
plurality of components onto a board, a board mark  provided on a board for
board positioning or a point included in  component mounting points where a
component is mounted first is  defined as a start point, for an arbitrary
two points among a plurality so of component mounting points and the start
point, a distance  between the two points or a time duration necessary from
completion of mounting of a component on one of the two points  _3_ until
completion of mounting of a component on the other of the two  points is
defined as a cost for the two points, a point set up  hypothetically as a
last movement point is defined as a dummy point,  



and the component mounting order determination method includes: 5 a
component mounting point information acquiring step of acquiring  position
information concerning the plurality of component  mounting points and the
costs for two points among the plurality of  component mounting points, the
start point and the dummy point; a  traveling path calculating step of
calculating a traveling path that 1o passes individual points so as to
minimize a sum of the costs for two  points among the start point, the
dummy point and the plurality of  component mounting points on the board;
and a mounting order  determining step of determining the component
mounting order  based of the traveling path. Furthermore, the dummy point
is a 15 hypothetical point where a cost relative to each component
mounting point is greater than a cost for every two points among the
plurality of component mounting points and the start point and  where a
cost relative to the start point is smaller than a cost for  every two
points among the plurality of component mounting points  20 and the start
point. [0011] A dummy point is defined, and an optimal traveling path is
calculated. This solves the problem of disorder (useless operation)  in the
movement between the mounting points which occurs near  the end of
component mounting, which can occur when the 25 component mounting order is
determined by a greedy algorithm.  Thus, optimal mounting order is
obtained. Further, in this method,  an approximate solution to the exact
solution can be obtained in a  practical processing time. Here, when the
dummy point is defined  as described above, a traveling path is generated
so that the dummy 3o point is necessarily connected to the start point.
Thus, a closed  traveling path that starts at the start point can be
generated. Here,  component mounting order may be acquired by a greedy
algorithm  4 in advance. Then, in order to improve on the useless operation
described above, the above-mentioned method may be applied to  acquire the
optimal component mounting order. 



[0012] Furthermore, it is also possible that the processing  5 procedure
further includes a cost calculating step of calculating a  cost for
arbitrary two points among the start point, the dummy point,  and the
plurality of component mounting points on the board, and in  the traveling
path calculating step, by using the costs calculated in  the cost
calculating step, a traveling path that passes individual io points so as
to minimize a sum of the costs for two points among the  start, the dummy
point, and the plurality of component mounting  points point on the board
is calculated in accordance with a traveling  salesman problem. [0013]
Since a traveling path is calculated in accordance with a  15 traveling
salesman problem, an approximate solution to the exact  solution can be
obtained in a practical processing time. [0014] Furthermore, it is also
possible that when an operation loss  caused by a component mounter in
which a mounting head for  holding and transporting a plurality of
components mounts the 20 plurality of components onto a board is identified
in the operation  loss identifying step, a processing procedure is selected
in the  processing procedure selecting step, the selected processing
procedure is a component mounting order determination method of
determining a mounting order in the case where components are 25 mounted
onto a board by a component mounter provided with a  mounting head that
picks up and transports a plurality of  components so as to mount the
plurality of components onto the  board, for arbitrary two points among a
plurality of component  mounting points and a dummy point which is a point
set up so hypothetically, a distance between the two points or a time
duration  necessary from completion of mounting of a component to one point
of the two points until completion of mounting of a component to the  -5
other point is defined as a cost for the two points, the dummy point  is
defined as a point set up as a start point and an end point of  component
mounting, and the component mounting order  



determination method includes: a component mounting point 5 information
acquiring step of acquiring position information  concerning the plurality
of component mounting points and the costs  for two points among the
plurality of component mounting points  and the dummy point; a traveling
path calculating step of calculating  a traveling path in which the dummy
point serves as a starting point io and an end point and which passes
individual points so as to  minimize a sum of the costs for two points
among the plurality of  component mounting points and the dummy point; and
a mounting  order determining step of determining the component mounting
order based on the traveling path. 15 [0015] Since the dummy point is
adopted as the start point and the  end point of component mounting, an
optimal traveling path can be  calculated also for a so-called modular
machine. This solves the  problem of disorder (useless operation) in the
movement between  the mounting points which occurs near the end of
component 20 mounting, which can occur when the component mounting order is
determined by a greedy algorithm. Thus, optimal mounting order  is
obtained. Further, in this method, an approximate solution to the  exact
solution can be obtained in a practical processing time. [0016]
Furthermore, it is also possible that the dummy point is  25 provided in a
component supply unit which supplies the component  to the mounting head.
[0017] Since the dummy point is provided at the above-mentioned  position,
an optimal traveling path is obtained in which pickup  operation for the
components is taken into consideration. 30 [0018] Furthermore, it is also
possible that the dummy point is  provided at a center of a plurality of
component supply openings in  the component supply unit. -6 [0019] Since
the cost is derived based on corrected position  information, the cost is
obtained based on accurate movement  distance and transportation time of
the mounting head. This  



provides an optimal traveling path. 5 [0020] Furthermore, it is also
possible that when an operation loss  caused by a component mounter in
which a plurality of mounting  heads each for holding and transporting a
plurality of components  mount alternately the components onto one board is
identified in the  operation loss identifying step, a processing procedure
is selected in io the processing procedure selecting step, the selected
processing  procedure is a component mounting order determination method of
determining a mounting order in the case where a plurality of  mounting
heads alternately mount components onto one board,  each mounting head is a
head that picks up and transports a 15 plurality of components so as to
mount the plurality of components  onto the board, a component group that
is mounted in one iteration  of a repeated series of operations composed of
pickup,  transportation and mounting of the components performed by each
mounting head is defined as a task, and the component mounting 20 order
determination method includes: an assignment step of  assigning components
to be mounted onto the board to any one of  the plurality of mounting heads
so that the number of tasks assigned  to each of the plurality of mounting
heads becomes uniform; and a  task generating step of generating each task
for the components 25 assigned to each head so that a time duration from
completion of  component mounting in the task of a mounting head until
start of  component mounting in the task of a next mounting head is
minimized. [0021] According to this configuration, when component mounting
30 of the task of a particular mounting head is completed, component
mounting by the next mounting head can be started immediately.  Thus, a
tact loss in the component mounting operation onto the  7 board is
minimized, so that production efficiency is improved.  [0022] Furthermore,
it is also possible that in the task generating  step, for each of the
plurality of mounting heads, tasks are  



generated by dividing the assigned component group into tasks so 5 that
pickup and recognition of the components can be completed by  the time
mounting of components by other mounting heads is  completed. More
specifically, it is also possible that the task  generating step includes:
a step of calculating, for each of the  plurality of mounting heads, a
maximum number of component 1o pickup iterations in which pickup and
recognition of the components  can be completed within a mounting time for
mounting components  performed by the other mounting heads, by comparing a
pickup time  and a recognition time with the mounting time which is a time
duration from completion of recognition of components until 15 completion
of mounting performed by the other mounting heads, the  pickup time being a
time duration from completion of mounting of  components until completion
of pickup, the recognition time being a  time duration from completion of
pickup of the components until  completion of recognition; and a step of
generating tasks for each of 20 the plurality of mounting heads, by
dividing the assigned component  group into tasks so that the number of
component pickup iterations  is smaller than or equal to the maximum number
of pickup  iterations. [0023] Further, according to this configuration,
tasks are obtained  25 so that during the time that one mounting head
mounts components,  the other mounting head completes pickup and
recognition  operation for components. Thus, at the time that the one
mounting  head completes the mounting operation, the other mounting head
can start mounting operation without delay. This improves  30 production
efficiency. [0024] Furthermore, it is also possible that the mounting head
includes a plurality of pickup nozzles arranged along a rotating  -8
circumference, and in the task generating step, the component  group
assigned to each mounting head is divided into tasks so that,  in the same
task order, the number of components included in each  



task assigned to each of the plurality of mounting heads is equal,  5 and
an order for the divided tasks is determined. [0025] According to this
configuration, in each task, the number of  iterations of pickup becomes
equal for each of the plurality of  mounting heads. Thus, during the time
that one mounting head  mounts components, the other mounting head can pick
up io components. This improves mounting efficiency for the  components.
[0026] Furthermore, it is also possible that when an operation loss  caused
by a case where, in a component mounter in which a  mounting head for
holding and transporting a plurality of 15 components mounts the plurality
of components onto a board, a  board carrying-in time which is a time
duration after the  components have been mounted onto the board until a
next board is  carried in to a board stop position in the component mounter
is  greater than a predetermined threshold is identified in the operation
20 loss identifying step, a processing procedure is selected in the
processing procedure selecting step, the selected processing  procedure is
a method of reducing an operating time in the case  where components are
mounted onto a board by a component  mounter provided with a mounting head
that picks up and transports 25 a plurality of components so as to mount
the plurality of components  onto the board, the method of reducing an
operating time includes:  a board carrying-in time calculating step of
calculating the board  carrying-in time which is the time duration after
the components  have been mounted onto the board until the next board is
carried in 30 to the board stop position in the component mounter; and a
timing  determining step of determining, in the case where one iteration of
a repeated series of operations composed of pickup and mounting of  -9 the
components performed by the mounting head is defined as a  task, timing of
pickup of components in a first task so that pickup of  the components in a
first task, for a board carried in, is started  



within the board carrying-in time. 5 [0027] According to this
configuration, component pickup timing in  the first task is determined so
that component pickup of the first  task is started before a board is
carried into the component mounter.  Thus, the mounting head can operate in
parallel to the board  carrying-in. This reduces the tact time necessary
for mounting the io components, and hence board production efficiency can
be  improved. [0028] Furthermore, it is also possible that the component
mounting order determination method further includes a task order
determining step of determining task order so that a task having the 15
greatest component pickup time is adopted as the first task and  pickup of
a component in the first task is started within the board  carrying-in
time. [0029] Accordingly, the mounting waiting time after the completion
of the component pickup in the first task until the start of component  20
mounting can be reduced to the minimum or zero. This improves  production
efficiency for the board further. [0030] Furthermore, it is also possible
that in a component mounter  in which a mounting head for holding and
transporting a plurality of  components mounts the plurality of components
onto a board, and a 25 component group to be mounted in one iteration of a
repeated series  of operations composed of pickup, transportation and
mounting of  the components performed by the mounting head is defined as a
task, when an operation loss caused by a presence of a task in which  the
components have mutually different component transportation 30 speed limits
for the mounting head or by a presence of a task in  which the components
have mutually different component  transportation acceleration limits for
the mounting head is identified  -10 in the operation loss identifying
step, a processing procedure is  selected in the processing procedure
selecting step, the selected  processing procedure is a component mounting
method of mounting  



a plurality of components onto a board by using a holding unit that 5 holds
and transports the plurality of components, and the  component mounting
method includes: a speed identifying step of  identifying a transportation
speed limit for a holding unit  corresponding to each of the plurality of
components; a  determination step of determining, based on the
transportation 10 speed limits, a handling order for the plurality of
components in the  holding unit so that a time duration that a component
having a lower  transportation speed limit, among the plurality of
components, is  held by the holding unit is reduced; and a mounting step of
mounting the plurality of components onto the board by handling 15 the
plurality of components with the holding unit in accordance with  the
handling order determined in the determination step, and  moving the
holding unit at a speed not exceeding the lowest  transportation speed
limit of the components held by the holding  unit. 20 [0031] Accordingly,
even in the case where the holding unit is  moved at a speed not exceeding
the lowest transportation speed  limit of the components held by the
holding unit, when the plurality  of components are handled by the holding
unit in accordance with  the handling order determined in the determination
step, the time 25 duration that a component having a low transportation
speed limit is  held by the holding unit is reduced, so that the
transportation speed  of the head can be increased. This reduces the time
necessary for  component mounting, and hence improves throughput. Further,
since the holding unit is moved at a speed not exceeding the lowest so
transportation speed limit of the components held by the holding  unit, the
components are prevented from deviating or departing  from the holding
unit, so that the components can be accurately  -11 mounted onto the board.
[0032] Furthermore, it is also possible that in the determination  step, a
holding order for the plurality of components in the holding  



unit is determined as the handling order so that components are 5 held
sequentially starting from a component having the highest  transportation
speed limit identified in the speed identifying step,  and in the mounting
step, the holding unit is made to hold the  plurality of components in
accordance with the handling order, and  the held plurality of components
is mounted onto the board. io [0033] For example, if the holding unit would
hold first a component  having the lowest transportation speed limit, after
that, in order to  hold other components, the holding unit would need to
move at the  lowest transportation speed limit. In contrast, as described
above,  when the plurality of components are hold by the holding unit in 15
accordance with the holding order determined in the determination  step,
the components are held sequentially starting at a component  having the
highest transportation speed limit. Accordingly, after  holding the first
component, the holding unit can rapidly move and  hold other components
without restriction by the lowest  20 transportation speed limit. This
improves throughput. [0034] Furthermore, it is also possible that in the
determination  step, a mounting order for the plurality of components in
the holding  unit is determined as the handling order so that components
are  mounted sequentially starting from a component having the lowest 25
transportation speed limit identified in the speed identifying step,  and
in the mounting step, the holding unit is made to hold the  plurality of
components, and the held plurality of components are  mounted onto the
board in accordance with the mounting order.  [0035] For example, if the
holding unit would mount last a 30 component having the lowest
transportation speed limit, even after  the mounting of the first
component, the holding unit would need to  move at the lowest
transportation speed limit until the last  -12 ............ . component is
mounted. In contrast, as described above, when the  plurality of components
are mounted in accordance with the  



mounting order determined in the determination step, the  components are
mounted sequentially starting at a component 5 having the lowest
transportation speed limit. Accordingly, after  mounting the first
component, the holding unit can rapidly move and  mount other components
without restriction by the lowest  transportation speed limit. This
improves throughput. [0036] Furthermore, it is also possible that in the
speed specifying  io step, a transportation speed limit for each component
is specified by  referring to speed information that indicates
transportation speed  limits for the plurality of components. [0037] For
example, when a memory that stores the speed  information is prepared, the
transportation speed limit of each  15 component can be identified simply
and rapidly. [0038] Furthermore, it is also possible that in the speed
specifying  step, a transportation speed limit for each component is
specified by  referring to size information that indicates sizes of the
plurality of  components, so that the transportation speed of the holding
unit is 20 restricted to be lower for a component having a larger size.
Furthermore, it is also possible that in the speed specifying step, a
transportation speed limit for each component is specified by  referring to
thickness information that indicates thicknesses of the  plurality of
components, so that the transportation speed of the 25 holding unit is
restricted to be lower for a component having greater  thickness. [0039]
Accordingly, even when information that directly indicates  the
transportation speed limit for each component is not present,  the
transportation speed limit for each component is specified based 30 on the
size information or the thickness information. Thus, it is  possible to
expand the applicability of the present invention and  improve convenience.
-13 [0040] Furthermore, it is also possible that in the speed specifying
step, a transportation speed limit for each component is specified by  



referring to weight information that indicates weights of the  plurality of
components, so that the transportation speed of the 5 holding unit is
restricted to be lower for a component having greater  weight. [0041]
Accordingly, even when information that directly indicates  the
transportation speed limit for each component is not present,  the
transportation speed limit for each component is specified based io on the
weight information. Thus, it is possible to expand the  applicability of
the present invention and improve convenience.  [0042] Furthermore, it is
also possible that, in a component  mounter in which a mounting head for
holding and transporting a  plurality of components mounts the plurality of
components onto a 15 board, and a component group to be mounted in one
iteration of a  repeated series of operations composed of pickup,
transportation  and mounting of the components performed by the mounting
head is  defined as a task, when an operation loss caused by a presence of
a  task in which the components have mutually different component 20
transportation speed limits for the mounting head or by a presence  of a
task in which the components have mutually different  component
transportation acceleration limits for the mounting head  is identified in
the operation loss identifying step, a processing  procedure is selected in
the processing procedure selecting step, the 25 selected processing
procedure is a component mounting method of  mounting a plurality of
components onto a board by using a holding  unit that holds and transports
the plurality of components, and the  component mounting method includes:
an acceleration identifying  step of identifying a transportation
acceleration limit for the holding 30 unit, corresponding to each of the
plurality of components; a  determination step of determining a handling
order for the plurality  of components in the holding unit based on the
transportation  -14 acceleration limits so that a time duration that a
component having  a lower transportation acceleration limit, among the
plurality of  



components, is held by the holding unit is reduced; and a mounting  step of
mounting the plurality of components onto the board by 5 handling the
plurality of components with the holding unit in  accordance with the
handling order determined in the determination  step, and moving the
holding unit with an acceleration not exceeding  the lowest transportation
acceleration limit of the components held  by the holding unit. io [0043]
Accordingly, even in the case where the holding unit is  moved with an
acceleration not exceeding the lowest transportation  acceleration limit of
the components held by the holding unit, when  the plurality of components
are handled by the holding unit in  accordance with the handling order
determined in the determination 15 step, the time duration that a component
having a low  transportation acceleration limit is held by the holding unit
is  reduced, so that the transportation acceleration of the head can be
increased. This reduces the time necessary for component  mounting, and
hence improves throughput. Further, since the 20 holding unit is moved with
an acceleration not exceeding the lowest  transportation acceleration limit
of the components held by the  holding unit, the components are prevented
from deviating or  departing from the holding unit, so that the components
can  accurately be mounted onto the board. 25 [0044] Furthermore, it is
also possible that when an operation loss  caused by an interference, which
is a collision between components  or between a component and a mounting
head that can occur when  a component mounter provided with a mounting head
mounts a  component on a board, is identified in the operation loss
identifying 30 step, a processing procedure is selected in the processing
procedure  selecting step, the selected processing procedure is a component
mounting order determination method of determining mounting  -15 order in
the case where components are mounted onto a board by a  component mounter
provided with a mounting head that picks up  



and transports a plurality of components so as to mount the plurality  of
components onto the board, and the component mounting order 5 determination
method includes: a mounting order determining step  of determining a
mounting order onto the board based on a  restriction condition concerning
a before-after relation in the  mounting order for the components; and a
task order determining  step of dividing all components into tasks in a
state where the io mounting order determined in the mounting order
determining step  is maintained, and determining a mounting order for the
divided  tasks, in the case where a component group to be mounted in one
iteration of a repeated series of operations composed of pickup,
transportation and mounting of the components performed by the 15 mounting
head is defined as a task. In other words, the mounting  order for the
components onto the board is determined first, and  tasks and task order
are determined next. [0045] Accordingly, in the mounting order determining
step, the  mounting order can be determined so that interference, which is
20 collision between components or between a component and the mounting
head that could occur when the components are mounted  onto the board does
not occur. Thus it is possible to avoid, for  example, interference caused
by arch motion operation of the  mounting head. 25 [0046] Furthermore, it
is preferable that in the mounting order  determining step, for each
component, it is judged whether another  component or a part of another
component mounted on the board is  present within a range of a moving space
of the mounting head in  the case where the mounting head mounts the
component onto the 3o board by arch motion operation, and when it is judged
as being  present, the mounting order is determined so that the component
being judged is mounted before the another component. 16 [0047] More
specifically, in the mounting order determining step, a  sequence of
component groups may be generated as the mounting  



order by repeating a process in which, based on the judgment result,  a
group of components to be mounted first is specified as a first 5 component
group, and a group of components to be mounted next  among the components
excluding the first component group is  specified as a second component
group. Accordingly, as long as the  components are mounted in accordance
with the sequence of the  component groups, interference caused by arch
motion operation is  io avoided. [0048] Here, it is preferable that in the
mounting order determining  step, a three-dimensional map that shows
three-dimensional  positions and shapes of the components mounted on the
board is  generated, and a group of components to be mounted first is 15
specified as a first component group, in the generated  three-dimensional
map, based on the judgment result. Accordingly,  the mounting order can be
determined so that components already  mounted at the time of being carried
into the component mounter  are taken into consideration. 20 [0049]
Further, in the task order determining step, it is preferable  that the
tasks and the mounting order for the tasks are determined  for each
component group determined in the mounting order  determining step. This is
because the mounting order determined  in the mounting order determining
step is maintained. 25 Alternatively, the mounting head may have n pickup
nozzles that  pick up components. Then, in the task order determining step,
component groups obtained by dividing into n-component groups  the
components arranged in accordance with the mounting order  determined in
the mounting order determining step and the 30 sequence of these component
groups may be determined as the  tasks and the mounting order for the
tasks, respectively. Also in  this method, tasks and task order can simply
be determined in a  17 state that the mounting order determined in the
mounting order  determining step is maintained. 



[0050] Further, the component mounting order determination  method may
further include a pickup order determining step of  5 determining a pickup
order when the mounting head picks up the components, for each task
determined in the task order determining  step. For example, the mounting
head may have n pickup nozzles  that pick up components. Then, in the task
order determining step,  a group of n components at maximum obtained by
extracting each io component one by one according to the sequence of
components  arranged in the component mounter may be determined as a task.
Further, in the pickup order determining step, as for components  arranged
successively in the sequence of components among the  components making up
the task, the pickup order may be 15 determined so that the mounting head
picks them up simultaneously.  Alternatively, in the task order determining
step, a group of n  components at maximum obtained by extracting components
from  the sequence of components arranged in the component mounter
sequentially, starting with components of which a larger number are 20 to
be mounted onto the board may be determined as a task. Then,  in the pickup
order determining step, the pickup order may be  determined so that the
mounting head picks up the components  sequentially starting with the
components of which a larger number  are to be mounted onto the board. 25
[0051] Further, in the mounting order determining step, in the case  where
the mounting onto the board includes three-dimensional  mounting in which a
second component is mounted onto a first  component, the mounting order may
be determined so that the first  component is mounted before the second
component. The 30 three-dimensional mounting is in common with the
above-mentioned interference in the point that a restriction is  present in
the mounting order for the components. Thus, the  -is present invention is
applicable also to this case. [0052] Here, in addition to implementation as
an operating time  



reducing method provided with such characteristic steps, the  present
invention may be implemented as an operating time 5 reducing apparatus
having means made up of the characteristic  steps included in the operating
time reducing method or  alternatively as a program that causes a computer
to execute the  characteristic steps included in the operating time
reducing method.  Then, it goes without saying that such program may be
distributed io via a recording medium such as a CD-ROM (Compact Disc-Read
Only  Memory) and a communication network such as the Internet.  Effects of
the Invention [0053] According to the present invention, the processing
procedure  i5 of a component mounting order determination method can be
changed depending on the type of an operation loss that affects the  time
for mounting components onto the board. [0054] Further, optimal component
mounting order can be  determined within a practical time. 20 Brief
Description of Drawings [0055] FIG. 1 is an external appearance view
showing a  configuration of a component mounting system according to an
embodiment of the present invention. 25 FIG. 2 is a functional block
diagram showing a configuration of  an operating time reducing apparatus.
FIG. 3 is a flow chart of processing executed by an operating  time
reducing apparatus. FIG. 4 is a schematic diagram showing positional
relation  3o between a component supply unit and a rotary head. FIG. 5 is
an external appearance view of a reel around which  a component tape that
holds components is wound. -19 FIG. 6 is a diagram schematically showing
positional relation  among a rotary head, a board and a component supply
unit. FIG. 7 is a diagram showing an example of a component  



recognition camera provided at position C in FIG. 6. 5 FIG. 8 is a flow
chart showing operation of a mounting head in  the case where attention is
focused on one of mounting heads  provided in a rotary head. FIG. 9 is a
diagram describing various modes of a component  supply unit. 10 FIG. 10 is
a diagram showing an example of a mounting point  information array. FIG.
11 is a diagram showing positional relation among the  mounting points,
board marks and a dummy point on a board.  FIG. 12 is a diagram showing an
example of a conversion  15 table. FIG. 13 is a flow chart of processing
executed by a component  mounting order determining apparatus. FIG. 14 is a
diagram schematically showing mounting order  for components. 20 FIG. 15 is
a diagram showing an example of a tact table.  FIG. 16 is a diagram
describing a generating method for an  initial traveling path. FIG. 17 is a
diagram schematically showing mounting order  for components. 25 FIG. 18 is
a diagram showing an example of a mounting point  array p. FIG. 19 is a
flow chart showing detailed processing of a 2-OPT  method. FIG. 20 is a
diagram showing a mounting point array p before  so and after component
mounting order is changed. FIG. 21 is a diagram showing a traveling path
before and after  component mounting order is changed. -20 FIG. 22 is a
diagram showing a processing result of mounting  order determination
processing performed by a component  mounting order determining apparatus. 



FIG. 23 is a diagram showing relation among a mounting  5 order array p and
a mounting point information array "Data" which  are shown in FIG. 22(a)
and mounting order. FIG. 24 is a diagram describing another generating
method  for a mounting point information array "Data". FIG. 25 is a diagram
schematically showing an example of a  io traveling path. FIG. 26 is a
table showing experimental results of a  conventional method and a method
according to the present  application. FIG. 27 is an external appearance
view showing a component  15 mounting system according to an embodiment of
the present  invention. FIG. 28 is a functional block diagram showing a
configuration  of a component mounting order determining apparatus. FIG. 29
is an external appearance view showing an exemplary  20 configuration of a
component mounter referred to as a radial  component inserter. FIG. 30 is a
diagram conceptually showing a major  configuration of a component mounter.
FIG. 31 is a plan view showing a major configuration of a  25 component
mounter according to the present invention. FIG. 32 is a schematic diagram
showing positional relation  between a head and a component cassette. FIG.
33 is an external appearance view of a head.  FIG. 34 is a diagram showing
an example of a board.  30 FIG. 35 is a diagram describing a dummy point.
FIG. 36 is a diagram showing an example of a mounting point  information
array. -21  FIG. 37 is a diagram describing a calculation method for an
"x'-coordinate" and a "y'-coordinate". FIG. 38 is a flow chart of
processing executed by a second  



component mounting order determining unit. 5 FIG. 39 is a flow chart of
processing executed by a second  component mounting order determining unit.
FIG. 40 is a diagram describing a pickup pattern in a  priority-to-pickup
manner. FIG. 41 is a diagram describing a pickup pattern in a  io
priority-to-mounting manner. FIG. 42 is a perspective view of a rotary
head.  FIG. 43 is a perspective view of a rotary head. FIG. 44 is a
schematic diagram in the case where a  component mounter provided with a
rotary head shown in FIG. 42 is  15 viewed from the above. FIG. 45 is a
diagram describing a pickup pattern in a  priority-to-pickup manner. FIG.
46 is a diagram describing a pickup pattern in a  priority-to-mounting
manner. 20 FIG. 47 is a plan view showing a major configuration of inside
of a component mounter. FIG. 48 is a schematic diagram showing positional
relation  between a line gang pickup head and a component cassette. FIG. 49
is a diagram describing component mounting  25 performed by a component
mounter. FIG. 50 is a diagram describing component mounting  performed by a
component mounter. FIG. 51 is a diagram showing an example of mounting
point  data. 30 FIG. 52 is a diagram showing an example of a component
library. FIG. 53 is a diagram showing an example of mounting  -22 apparatus
information. FIG. 54 is a diagram showing an example of
number-of-mounting-points information. 



FIG. 55 is a flow chart of processing of determining  5 component mounting
order performed by an optimization  apparatus. FIG. 56 is a detailed flow
chart of component allocation  processing. FIG. 57 is a diagram describing
component allocation  io processing. FIG. 58 is a diagram describing
component allocation  processing. FIG. 59 is a detailed flow chart of task
determination  processing. 15 FIG. 60 is a diagram describing details of
task generation  processing for a front head. FIG. 61 is a diagram
describing details of task generation  processing for a rear head. FIG. 62
is a diagram in which the number of iterations of  20 pickup in each task
is arranged in task order. FIG. 63 is a top view of a component mounter
provided with a  rotary head. FIG. 64 is a perspective view of a rotary
head. FIG. 65 is a perspective view of another rotary head. 25 FIG. 66 is a
flow chart describing details of task determination  processing in a rotary
head. FIG. 67 is a diagram showing an example of task order  obtained in
accordance with task determination processing shown in  FIG. 66. 30 FIG. 68
is a diagram showing an example of unpreferable task  order. FIG. 69 is an
external appearance view showing a  _ 23  configuration of an entire
mounting line according to an embodiment  of the present invention. FIG. 70
is a block diagram showing an exemplary  



configuration of a mounting order determining apparatus according  5 to an
embodiment of the present invention. FIG. 71 is a diagram schematically
showing conventional time  course of board transportation and component
mounting. FIG. 72 is a diagram describing a problem in a conventional
determination method for component mounting order. 10 FIG. 73 is a plan
view showing a major configuration of inside  of a component mounter. FIG.
74 is a schematic diagram showing positional relation  between a mounting
head and a component supply unit. FIG. 75 is a diagram showing an example
of task time  15 information. FIG. 76 is a block diagram showing a
configuration of a fourth  component mounting order determining unit 308d.
FIG. 77 is a flow chart of processing of determining  component mounting
order performed by a component mounting  20 order determining apparatus.
FIG. 78 is a detailed flow chart of component supply position
determination processing performed by a component supply  position
determining unit. FIG. 79 is a diagram schematically showing component
supply  25 positions determined in accordance with a flow chart shown in
FIG.  78. FIG. 80 is a detailed flow chart of task order determination
processing (S4002 in FIG. 77) executed by a task order determining  unit.
30 FIG. 81 is a diagram schematically showing time course of  board
transportation and component mounting in accordance with  task order
determined in the case where a board carrying-in time T  24 is greater than
the maximum of component pickup time values ti  (YES in S4023 in FIG. 5).
FIG. 82 is a diagram schematically showing time course of  



board transportation and component mounting in accordance with  5 task
order determined in the case where a board carrying-in time T is smaller
than or equal to the maximum of component pickup time  values ti (NO in
S4023 in FIG. 80). FIG. 83 is an external appearance view showing a
configuration of a component mounting system according to an  1o embodiment
of the present invention. FIG. 84 is a block diagram showing a
configuration of a  component mounting order determining apparatus shown in
FIG.  83. FIG. 85 is a plan view showing a major configuration of a  15
component mounter. FIG. 86 is a schematic diagram showing positional
relation  between a head and a component cassette in the above-mentioned
component mounter. FIG. 87 is an external appearance view showing external
20 appearances of components (electronic components) to be mounted  by the
above-mentioned component mounter. FIG. 88 is a diagram showing an example
of a component  library held in the above-mentioned component mounter. FIG.
89 is an explanation diagram describing pickup order and  25 mounting order
for the above-mentioned components. FIG. 90 is an explanation diagram
describing a situation that  the above-mentioned head picks up components.
FIG. 91 is an explanation diagram describing a situation that  the
above-mentioned head mounts components. 30 FIG. 92 is a diagram showing a
transportation speed of the  above-mentioned head. FIG. 93 is a flow chart
showing operation that the  25 above-mentioned component mounter mounts
components. FIG. 94 is an external appearance view showing an overall
configuration of a component mounting system according to an  



embodiment of the present invention. 5 FIG. 95 is a diagram describing
extremely close adjacency  mounting. FIG. 96 is a diagram describing arch
motion operation and  ordinary operation (non-arch motion operation). FIG.
97 is a diagram describing interference caused by arch  io motion
operation. FIG. 98 is a diagram showing an internal structure of a
component mounter. FIG. 99 is a diagram describing a task. FIG. 100 is a
block diagram showing a configuration of a sixth  15 component mounting
order determining unit. FIG. 101 is a flow chart showing basic operation of
a  component mounter. FIG. 102 is a flow chart showing detailed procedure
(S6110)  of determining mounting order in FIG. 101. 20 FIG. 103 is a
diagram showing an example of a  three-dimensional map. FIG. 104 is a
diagram showing an example of an interference  area. FIG. 105 is a diagram
describing processing of determining  25 groups. FIG. 106 is a flow chart
showing detailed procedure (S6111)  of determining tasks and task order in
FIG. 101. FIG. 107 is a diagram describing processing of determining  tasks
and mounting order for the tasks. 30 FIG. 108 is a component histogram
describing a  determination method for tasks and pickup order for
components.  FIG. 109 is a flow chart showing detailed procedure (S6113)
-26 of determining pickup order in FIG. 101. FIG. 110 is a diagram
describing another method of  determining tasks and task order. 



FIG. 111 is a component histogram describing another  5 method of
determining tasks and pickup order for components.  FIG. 112 is a diagram
describing three-dimensional  mounting. FIG. 113 is a block diagram showing
a functional  configuration of a component mounter. 10 FIG. 114 is a
diagram showing an example of mounting point  data. FIG. 115 is a diagram
showing an example of component  data. FIG. 116 is a diagram showing an
example of mounting order  15 data. FIG. 117 is a flow chart showing basic
operation of a  component mounter at the time of dynamically determining
mounting order. FIG. 118 is a diagram showing a situation that a mounting
20 surface of a board is imaged by a three-dimensional camera. FIG. 119 is
a flow chart of processing executed by an  operating time reducing
apparatus at the time that a user selects a  program from an optimization
program storing unit. FIG. 120 is a diagram showing an example of a screen
25 displayed on a display unit. FIG. 121 is a diagram showing an example of
a screen  displayed on a display unit. FIG. 122 is a diagram showing an
example of a screen  displayed on a display unit. 30 Numerical References
[0056] 300 Operating time reducing apparatus  -27 301 Arithmetic control
unit 305 Optimization method selection program storing unit  305a Operation
loss identifying unit 



305b Processing procedure selecting unit  5 308 Optimization program
storing unit 308a First component mounting order determining unit  308b
Second component mounting order determining unit  308c Third component
mounting order determining unit  308d Fourth component mounting order
determining unit 10 308e Fifth component mounting order determining unit
308f Sixth component mounting order determining unit  1010 Component
mounter 1011 Component supply unit  1015 Table 15 1020 Board 1100 Rotary
head  1101 Rotary base  1103 Mounting head  1105a Lens barrel 20 1105b
Small view-field camera  1105c Large view-field camera 1105 Component
recognition camera  1106 Components 1107b Half mirror  25 1107a Mirror 1110
Component tape  1111 Component cassette  1112 Adsorption opening  1113 Reel
30 1114 Tape feeder 1300 Component mounting order determining apparatus
1301 Arithmetic control unit -28 1302 Display unit  1303 Input unit  1304
Memory unit 



1305 Component mounting order determination program  5 storing unit 1306
Communication I/F unit  1307 Database unit 1307a Mounting point information
array  1307b Conversion table 10 1402, 1404 Board mark  1406 Dummy point
3100, 3200 Component mounter 3110a, 3110b, 3120a, 3120b Sub-equipment  3112
Line gang pickup head 15 3112a, 3112b, 3403 Pickup nozzle  3113 Beam 3114
Component cassette 3115, 3115a to 3115d Component supply unit  3116
Component recognition camera 20 3117 Tray supply unit  3121 Rail 3300
Optimization apparatus  3301 Arithmetic control unit  3302 Display unit 25
3303 Input unit  3304 Memory unit 3305 Optimization program storing unit
3305c Mounting order optimizing unit  3306 Communication I/F unit 30 3307
Database unit 3307a Mounting point data  3307b Component library  -29 3307c
Mounting apparatus information 3307d, 3307f, 3307g Mounting mark
information  3412 Adsorption opening 



4100 Component mounter  5 4110 Mounting head 4113 XY robot  4114 Tape
feeder 4115 Component supply unit 4115a to 4115c Component supply unit  10
4116 Component tape 4116a, 4116b Component supply position  4117 Supply
reel 4118 Component supply position  4119 Nozzle station 15 4120a, 4120b
Board  4121 Rail 4123 Component collecting apparatus 4300 Component
mounting order determining apparatus  4301 Arithmetic control unit 20 4302
Display unit  4303 Input unit  4304 Memory unit 4305 Optimization program
storing unit  4305a Task order foreword determining unit 25 4305b Component
supply position determining unit  4305c Mounting order optimizing unit 4306
Communication I/F unit  4307 Database unit 4307a Mounting point data  30
4307b Component library 4307c Mounting apparatus information  4307d Task
time information -30 5100 Component mounter  5110 Front sub-equipment  5112
Head 



5112a Nozzle 5 5115a, 5115b Component supply unit  5120 Rear sub-equipment
5200 Component mounter  5300 Management apparatus  5307b Component library
10 6100 Component mounter  6110 Mounting head 6113 XY robot 6115 Component
housing unit  6115a Component cassette 15 6121 Transportation unit  6122
Board 6123 Three-dimensional camera  6200 Mechanism unit 6210 Mounting
control unit  20 6220 Input unit 6230 Output unit  6240 Storage unit 6241
Mounting point data  6242 Units data 25 6243 Mounting order data 6250
Mounting order determining unit  6251 Mounting order determining unit  6252
Task order determining unit  6253 Pickup order determining unit 30 6260
Communication I/F unit Best. Mode for Carrying Out the Invention  -31
[0057] A component mounting system according to an embodiment  of the
present invention is described below with reference to the  drawings.
[0058] FIG. 1 is an external appearance view showing a  



5 configuration of a component mounting system according to the  present
embodiment. A component mounting system 10 is a system in which a  mounting
order for mounting components onto a board is  determined and the
components are mounted onto the board in 1o accordance with the determined
mounting order. The component  mounting system 10 includes a component
mounter 1010, a  component mounter 3100, a component mounter 2100, a
component mounter 5100, a component mounter 4100, a  component mounter
6100, and an operating time reducing  15 apparatus 300. [0059] The
component mounters 1010, 3100, 2100, 5100, 4100 and  6100 are apparatuses
that mount components onto a board.  Detailed configuration of each
component mounter is described  later. 20 [0060] FIG. 2 is a functional
block diagram showing a configuration  of an operating time reducing
apparatus 300. The operating time reducing apparatus 300 is a computer that
reduces the operating time of the component mounters by reducing  the
component mounting time of the component mounters. The 25 operating time
reducing apparatus 300 includes an arithmetic  control unit 301, a display
unit 302, an input unit 303, a memory  unit 304, an optimization method
selection program storing unit 305,  an optimization program storing unit
308, a database unit 307, and  a communication I/F (interface) unit 306,
and so on. 30 [0061] The operating time reducing apparatus 300 is
implemented  when a general-purpose computers such as a personal computer
executes various programs stored in the optimization method  -32 selection
program storing unit 305 and various programs stored in  the optimization
program storing unit 308. [0062] The arithmetic control unit 301 is a CPU
(Central Processing  Unit), a numerical processor or the like. In response
to an  



5 instruction from the component mounters connected via the communication
I/F unit 306 or from a user, the arithmetic control  unit 301 loads a
program from the optimization method selection  program storing unit 305 or
the optimization program storing unit  308 onto the memory unit 304, and
executes the loaded program so io as to control the respective constituent
units 302 to 308 in  accordance with the execution result. [0063] The
display unit 302 is a CRT (Cathode-Ray Tube), an LCD  (Liquid Crystal
Display) or the like, while the input unit 303 is a  keyboard, a mouse and
the like. These units are used for 15 interactive operation or the like
between the operating time  reducing apparatus 300 and an operator, under
the control of the  arithmetic control unit 301. [0064] The communication
I/F unit 306 is a LAN (Local Area  Network) adapter or the like, and is
used for communication and the  20 like between the operating time reducing
apparatus 300 and the component mounters. The memory unit 304 is a RAM
(Random  Access Memory) or the like that provides a working area for the
arithmetic control unit 301. [0065] The optimization method selection
program storing unit 305  25 and the optimization program storing unit 308
are hard disks that  store various programs for implementing the function
of the  operating time reducing apparatus 300. When a program stored in
the optimization method selection program storing unit 305 is  executed by
the arithmetic control unit 301, the program serves as so an operation loss
identifying unit 305a and a processing procedure  selecting unit 305b.
Further, when a program stored in the  optimization program storing unit
308 is executed by the arithmetic  -33  control unit 301, the program
serves as a first component mounting  order determining unit 308a, a second
component mounting order  determining unit 308b, a third component mounting
order  determining unit 308c, a fourth component mounting order 



5 determining unit 308d, a fifth component mounting order  determining unit
308e and a sixth component mounting order  determining unit 308f. [0066]
The operation loss identifying unit 305a is a processing unit  that
identifies an operation loss to be resolved in the component  io mounters.
The processing procedure selecting unit 305b is a processing unit that,
based on the operation loss identified by the  operation loss identifying
unit 305a, selects a program which is a  processing procedure for reducing
the operating time of the  component mounters from the programs stored in
the optimization  15 program storing unit 308. [0067] The processing
executed by the first component mounting  order determining unit 308a, the
second component mounting order  determining unit 308b, the third component
mounting order  determining unit 308c, the fourth component mounting order
20 determining unit 308d, the fifth component mounting order  determining
unit 308e and the sixth component mounting order  determining unit 308f is
described later. [0068] The database unit 307 is a hard disk that stores,
for  example: input data used for operating time reduction processing  25
for the component mounters by the operating time reducing apparatus 300;
and mounting point data generated in the operating  time reduction
processing. [0069] The input data stored in the database unit 307 includes
mounting point data 3307a (4307a, 6241), a component library  30 3307b
(4307b), mounting apparatus information 3307c (4307c), task time
information 4307d, a mounting point information array  1307a, a conversion
table 1307b, number-of-mounting-points  -34 information 3307d, component
data 6242 and mounting order data  6243. Details of such input data are
described later. [0070] FIG. 3 is a flow chart of processing executed by
the operating  time reducing apparatus 300. 



5 The operation loss identifying unit 305a acquires, via the  communication
I/F unit 306, the machine name of a component  mounter from the component
mounter in which a production loss or  the like is generated (S22). Based
on the acquired machine name,  the operation loss identifying unit 305a
judges whether or not the io component mounter having the machine name is a
so-called  modular type component mounter (S24). Here, "modular type
component mounter" refers a component mounter of a type in which  a
mounting head that holds components moves and mounts the  components onto a
board. 15 [0071] When the component mounter is not of modular type (NO in
S24), the component mounter is of a rotary type. Thus, the  processing
procedure selecting unit 305b selects from the  optimization program
storing unit 308 a program for implementing  the first component mounting
order determining unit 308a, and 20 loads it to the memory unit 304. When
the arithmetic control unit  301 executes the program, the first component
mounting order  determining unit 308a optimizes the component mounting
order  based on the traveling path that includes the component mounting
points (S52). Then, the processing is completed. Here, "rotary 25 type
component mounter" refers to a component mounter provided  with a rotary
head that picks up components and mounts the  components onto a board,
while rotating about an axis. Here, the  processing executed by the first
component mounting order  determining unit 308a is described later. 30
[0072] When the component mounter is of modular type (YES in  S24), the
operation loss identifying unit 305a judges whether or not  the component
mounter which is the target of operating time  -35 reduction is a so-called
alternate mounting component mounter  (S26). Here, "alternate mounting
component mounter" refers to a  component mounter in which a plurality of
mounting heads performs  coordinated operation so as to mount components
onto one board. 



5 [0073] When the component mounter is of modular type and of  alternate
mounting (YES in S26), the processing procedure selecting  unit 305b
selects from the optimization program storing unit 308 a  program for
implementing the third component mounting order  determining unit 308c, and
loads it to the memory unit 304. When 1o ---the arithmetic control unit 301
executes the program, the third  component mounting order determining unit
308c optimizes the  component mounting order in accordance with an
optimization  method specific to a component mounter of modular type and of
alternate mounting (S28). The processing executed by the third 15 component
mounting order determining unit 308c is described later.  [0074]
Subsequently, the operation loss identifying unit 305a  acquires, from the
component mounter, information concerning  whether or not interference,
which is the collision between  components or between a component and the
mounting head, 20 occurs when the component mounter, which is the target of
operating time reduction, mounts the components onto the board.  When
interference occurs (YES in S30), the processing procedure  selecting unit
305b selects from the optimization program storing  unit 308 a program for
implementing the sixth component mounting 25 order determining unit 308f,
and loads it to the memory unit 304.  When the arithmetic control unit 301
executes the program, the  sixth component mounting order determining unit
308f optimizes  the component mounting order such as to resolve the
interference  (S32). Then, the processing is completed. The processing so
executed by the sixth component mounting order determining unit  308f is
described later. [0075] When interference does not occur (NO in S30), the
-36 processing is completed without performing the optimization  processing
for the component mounting order by the sixth  component mounting order
determining unit 308f. [0076] When the component mounter is of modular type
but not of  



5 alternate mounting (NO in S26), the operation loss identifying unit  305a
transmits to the component mounter a command for acquiring  the board
carrying-in time (S34). Here,. "board carrying-in time"  refers to the time
duration from after the completion of mounting  components onto the board
until the time that the next board is io carried in to the board stop
position in the component mounter.  [0077] When the board carrying-in time
is acquired from the  component mounter (YES in S36), the operation loss
identifying unit  305a judges whether the acquired board carrying-in time
is greater  than a predetermined threshold Th_time (S38). When the value is
15 greater than the predetermined threshold (YES in S38), the  processing
procedure selecting unit 305b selects from the  optimization program
storing unit 308 a program for implementing  the fourth component mounting
order determining unit 308d, and  loads it to the memory unit 304. When the
arithmetic control unit 20 301 executes the program, the fourth component
mounting order  determining unit 308d performs optimization processing
(processing of reducing the operating time) on the component  mounting
order so as to minimize the loss time caused by the board  carrying-in
(S40). After that, processing subsequent to S30 is 25 performed. The
processing executed by the fourth component  mounting order determining
unit 308d is described later. [0078] When the board carrying-in time is not
successfully acquired  (NO in S36) or alternatively when board carrying-in
time <  threshold Th_time (NO in S38), the operation loss identifying unit
so 305a transmits to the component mounter a command for acquiring  tasks
in the component mounter (S42). Here, "task" refers to a  component group
mounted in one iteration of a repeated series of  -37 operations composed
of pickup, transportation and mounting of  components performed by the
mounting head. [0079] When the tasks are acquired from the component
mounter  (YES in S44), the operation loss identifying unit 305a checks, for



5 each task, whether or not components having mutually different
transportation speed limits are included in the same task (S46).  Here,
"transportation speed limit" refers to the maximum speed of  the mounting
head when a component is picked-up. [0080] When components having mutually
different transportation  io speed limits are included in the same task
(YES in S46), the  processing procedure selecting unit 305b selects from
the  optimization program storing unit 308 a program for implementing  the
fifth component mounting order determining unit 308e, and  loads it to the
memory unit 304. When the arithmetic control unit 15 301 executes the
program, the fifth component mounting order  determining unit 308e performs
optimization processing for the  component mounting order so as to reduce
the component mounting  time with attention being given to the
transportation speed limit  (S48). Then, processing subsequent to S30 is
performed. The 20 processing executed by the fifth component mounting order
determining unit 308e is described later. [0081] When the task is not
successfully acquired (NO in S44) or  alternatively when all speed limits
of the components within the  same task are the same (NO in S46), the
processing procedure 25 selecting unit 305b selects from the optimization
program storing  unit 308 a program for implementing the second component
mounting order determining unit 308b, and loads it to the memory  unit 304.
When the arithmetic control unit 301 executes the  program, the second
component mounting order determining unit 30 308b optimizes the component
mounting order based on the  traveling path that includes the component
mounting points (S50).  Then, processing subsequent to S30 is performed.
The processing  _38 executed by the second component mounting order
determining unit  308b is described later. [0082] The processing executed
by the first component mounting  order determining unit 308a through the
sixth component mounting  



5 order determining unit 308f are described below. [0083] [First Component
Mounting Order Determining Unit 308a]  The component mounter controlled by
the first component  mounting order determining unit 308a is a component
mounter 1010  of rotary type shown in FIG. 1. io [0084] The component
mounter 1010 is a mounting apparatus that  mounts plural kinds of
components at high speeds onto a printed  circuit board that makes up an
electronic apparatus. The  component mounter 1010 includes: a rotary head
1100 that picks up,  transports and mounts components; a component supply
unit 1011 15 that supplies various kinds of components to the rotary head
1100;  and an XY table. 1015 that moves, in the horizontal plane
directions,  a printed circuit board placed thereon. [0085] FIG. 4 is a
schematic diagram showing the positional relation  between a component
supply unit and a rotary head. 20 As shown in the upper part in FIG. 4, the
rotary head 1100 has  18 mounting heads 1103 each serving as mounting means
for  mounting components onto a printed circuit board. Further, the
mounting head 1103 has six pickup nozzles (not shown) which are  attached,
in a manner freely movable in the height directions, to a 25 rotary base
1101 that rotates without moving in the height  directions, and which can
hold components by vacuum suction.  [0086] As shown in the lower part in
FIG. 4, the component supply  unit 1011 has component cassettes 1111 that
are aligned  horizontally in a row and that can provide components of the
same 30 type sequentially to the mounting head 1103. Then, the  component
supply unit 1011 has the function of moving and  positioning the component
supply unit 1011 relative to the rotary  -39 head 1100 in the Z-axis
directions in FIG. 4 so as to select the  component to be mounted. [0087]
As shown in FIG. 5, the component cassette 1111 includes:  a reel 1113
around which a component tape 1110 that holds a large  



5 number of components of the same type is wound; and a tape feeder 1114
that sequentially supplies the components held on the  component tape 1110.
The component cassette 1111 can be  attached to and detached from the
component supply unit 1011.  That is, the component cassette 1111
corresponds to a unit that io provides one kind of component, while the
component supply unit  1011 corresponds to a set of the component cassettes
1111 (this  may also include an housing unit that holds the set). [0088]
FIG. 6 is a diagram schematically showing the positional  relation among a
rotary head, a board and a component supply unit.  15 [0089] As shown in
the figure, the revolution axis of the rotary head 1100 does not move,
while the mounting head 1103 provided around  the revolution axis rotates
intermittently about the revolution axis,  so that work corresponding to
each position is performed.  Explained briefly, the mounting head 1103
located above a pickup 20 opening 1112 (position B) provided in each
component cassette  1111 picks up a component through the pickup opening
1112. Then,  when located at the opposite position E, the mounting head
1103  mounts the picked-up component onto the printed circuit board P.
[0090] Here, the printed circuit board P onto which the components 25 are
to be mounted is placed on an XY table (not shown) that can  move freely in
the horizontal plane directions. The position at  which the component is to
be mounted is determined by moving the  printed circuit board P. [0091]
FIG. 7 is a diagram showing an example of a component  30 recognition
camera provided at position C in FIG. 6. A component recognition camera
1105 is a camera for  recognizing a component 1106 picked up by the
mounting head  -40 1103, and includes a lens barrel 1105a, a small
view-field camera  1105b and a large view-field camera 1105c. Mirrors 1107a
and  1107c and a half mirror 1107b are provided inside the lens barrel
1105a. 



5 [0092] The small view-field camera 1105b is a camera having a view  field
size of 6 mm, and acquires an image of the component 1106  reflected by the
mirror 1107a and the half mirror 1107b. The large  view-field camera 1105c
is a camera having a view field size of 28  mm, and acquires an image of
the component 1106 reflected by the  io mirrors 1107a and 1107c. [0093]
FIG. 8 is a flow chart showing operation of a mounting head  1103 in the
case where attention is focused on one of the mounting  heads 1103 provided
in the rotary head 1100. [0094] The mounting head 1103 located at a pickup
nozzle selection  15 position (position A in FIG. 6) selects a pickup
nozzle suitable for the  next component to be mounted (S1401). Then, the
rotary base  1101 is rotated until the mounting head 1103 is located at the
pickup unit (position B in FIG. 6) (S1402). At this position, the  mounting
head 1103 picks up and holds a component from the 20 pickup opening 1112 of
the component cassette 1111 by using the  pickup nozzle (S1403). [0095]
Then, the rotary base 1101 is rotated until the mounting  head 1103 is
located at the component recognition camera 1105  (position C in FIG. 6)
(S1404). Then, the small view-field camera 25 1105b or the large view-field
camera 1105c provided at this position  acquires an image of the component
having been picked up and  transported. Then, image processing is performed
so that the  pickup state of the component is recognized (S1405). In the
recognition of the pickup state, the amount of two-dimensional ao deviation
of the center of the component relative to the center of the  pickup nozzle
and the amount of rotational deviation of the  component are detected.
Further, judgment of component  41 deficiency, pickup orientation error,
recognition error (recognition  processing is unsuccessful) and the like is
performed. Then, when  the pickup state is judged as having an error such
as a component  deficiency (YES in S1406), the picked-up component is
discarded 



5 (S1410). On the other hand, when it is judged that there is no error  (NO
in S1406), the component is corrected in the e-direction based  on the
above-mentioned amount of rotational deviation detected at  position D
shown in FIG. 6 (S1407). Here, as for the amount of  two-dimensional
deviation, the position of the printed circuit board 1o is finely adjusted
by the XY table 1015 so that correction is achieved.  Then, the rotary base
1101 is rotated until the mounting head 1103  is located at the mounting
unit (position E in FIG. 6) (S1408). Then,  the mounting head 1103 is
lowered in accordance with the height of  the component to be mounted, and
thereby pushes the component  15 in and mounts it onto the printed circuit
board P (51409). [0096] FIG. 9 is a diagram describing various modes of the
component supply unit 1011. FIG. 9(a) is a diagram showing a  change mode.
As shown in the figure, the component supply unit  1011 has a left-side
component supply unit ZL and a right-side 20 component supply unit ZR. In
the change mode, components of the  same kind are set up in the left-side
component supply unit ZL and  the right-side component supply unit ZR.
Then, for example, when  components have run out during the production of a
board by using  the left-side component supply unit ZL, the right-side
component 25 supply unit ZR located at a waiting position is moved to the
pickup  position for the rotary head 1100, so that the board production is
continued by using the right-side component supply unit ZR. Then,  during
this time, the left-side component supply unit ZL is  replenished with the
components of the kind that has run-out. In 30 this manner, by having the
same component make-up for the  right-side component supply unit ZR and the
left-side component  supply unit ZL, long-term continuous operation of the
component  42 mounter 1010 becomes possible. [0097] FIG. 9(b) is a diagram
showing a preparation mode. In this  mode, for example, during the
production of a board by using the  left-side component supply unit ZL,
mounting components for the 



5 board to be produced next are set up in the right-side component  supply
unit ZR, so that switching of boards to be produced can be  handled in
advance. This mode is most suitable for the case where  the type of board
to be produced is switched frequently. [0098] FIG. 9(c) is a diagram
showing a connection mode. In this  io mode, for example, both the
right-side component supply unit ZR  and the left-side component supply
unit ZL are used to produce a  board. This mode is suitable in a case where
a large number of  component types are used in one board. [0099] FIG. 10 is
a diagram showing an example of the mounting  15 point information array
1307a. When the number of mounting points on the board 1020 is n,  the
mounting point information array 1307a is an array having N  (=n+2) data
elements. [0100] Here, as shown in FIG. 11, it is assumed that two board
20 marks 1402 and 1404 are formed on the board 1020 in advance  while five
mounting points (mounting point 1 through mounting  point 5) are further
provided on the board. The five mounting  points are points where
components are to be mounted by the  component mounter 1010. An image of
the board mark 1402 and 25 the board mark 1404 is acquired by the board
recognizing camera  (not shown) provided in the rotary head 1100 for
determining the  positioning of the board 1020, and their positions are
recognized.  Here, it is assumed that the position of the board mark 1402
is  recognized first while the position of the board mark 1404 is 3o
recognized next. In addition, a hypothetical point referred to as a  dummy
point 1406 is provided on the board 1020. The dummy  point 1406 is provided
near the board mark 1404 in the diagram.  -43 However, being a hypothetical
point, the dummy point 1406 need  not be provided on the board 1020 or
alternatively may be located at  the same position as the board mark 1404.
Here, the board mark  1404 or alternatively the mounting point where the
component is 



5 mounted first among the five mounting points is adopted as the start
point of a closed circuit when the mounting order determination  problem is
modeled in the form of a closed circuit. The mounting  order determination
problem modeled in the form of a closed circuit  is equivalent to a
traveling salesman problem described later. 10 [0101] Referring to FIG. 10
again, each array element stores any  one of information concerning the
position and the like of a  mounting point (referred to as "mounting point
information",  hereinafter), information concerning the position of the
board mark,  and information concerning the position of the dummy point.
FIG. 15 10 shows the information stored in the second element Data[2] of
the mounting point information array 1307a (Data). The element  Data[2]
stores the mounting point information of the mounting point  2, namely: the
X-coordinate "45" and the Y-coordinate "18" that  indicate the position of
the mounting point 2 on the board 1020; the 20 Z-axis position (Z-number)
"24" in the component supply unit 1011  for the component cassette 1111
that holds the component to be  mounted at the mounting point 2; the speed
(head speed) "6" for  the time after the mounting head 1103 picks up the
component until  the mounting of the component; and the transportation
speed (XY  25 speed level) "2" for the XY table. [0102] The head speed is
expressed in eight stages from level "1" to  level "8". Level 1 indicates
the highest head speed, while level 8  indicates the lowest head speed.
That is, a heavy component or a  large component cannot be mounted at a
high head speed, and 8o hence a lower head speed is adopted. Here, the head
speed  indicates the speed at which the rotary head 1100 rotates
intermittently. Here, the rotary head 1100 rotates about the axis of  -44
rotation by a half turn between the time after picking up the  component at
position B in FIG. 6 (S1403 in FIG. 8) until mounting  the component at
position E in FIG. 6 (S1409 in FIG. 8). Thus,  strictly speaking, the
rotation speed of the rotary head 1100 is 



5 determined in accordance with the lowest head speed among the  head speed
values of the components picked up by the plurality of  mounting heads 1103
located between position B and position E in  FIG. 6. However, in this
example, in order to simplify processing, it  is assumed that the head
speed is determined for each component io without taking into consideration
the head speed values of other  components located between position B at
which the rotary head  1100 picks up the component and position Eat which
the component  is mounted. [0103] The transportation speed of the XY table
is expressed in  15 eight stages from level "1" to level "8". Level 1
indicates the  highest transportation speed of the XY table 1015, while
level 8  indicates the lowest transportation speed of the XY table 1015.
That is, in a case where the component to be mounted is a heavy  component
or a large component, if the transportation speed of the 20 XY table 1015
were excessively high, the mounted component could  be stripped off from
the board 1020. Thus, in the case of such a  component, the transportation
speed of the XY table 1015 is set at  a low transportation speed level.
[0104] Here, the information concerning the position of the board  25 mark
and the information concerning the position of the dummy  point are assumed
to also contain information similar to the  mounting point information.
[0105] FIG. 12 is a diagram showing an example of a conversion  table
1307b. The conversion table 1307b is a table for converting  30 into time
the head speed, the transportation speed of the XY table 1015, and the
like. The first column indicates the time t (msec)  after the conversion.
The second column indicates the distance  45 Oxy between a mounting point i
and a mounting point j. The third  column indicates the Z-axis distance
(absolute value of the  difference of the Z-numbers) between the component
cassette that  holds the component to be mounted at the mounting point i
and the 



5 component cassettes that holds the component to be mounted at the
mounting point j. The fourth column indicates the head speed in  the case
where the mounting component j is to be mounted (that is,  the level of the
speed at which the rotary head 1100 rotates  intermittently). The fifth
column indicates the maximum value 10 Wmax(o-';) among the values ranging
from the transportation speed  of the XY table 1015 for the first mounting
point to the  transportation speed of the XY table 1015 for the mounting
point i.  Here, the reason why the maximum value Wmax(o of the
transportation speed of the XY table 1015 is used as described here 15 is
that when a component having a low transportation speed of the  XY table
1015 is once mounted onto the board 1020, if the XY table  1015 were moved
at a transportation speed higher than that, a  heavy component or a large
component that is mounted onto the  board 1020 could be stripped off from
the board 1020 or 20 alternatively positional deviation could arise.
Therefore, when the  transportation speed of the XY table 1015 is reduced
once, the XY  table 1015 should not be moved at a transportation speed
higher  than that. [0106] For example, in the case where both the head
speed and the  25 XY speed level are 1 and the distance Axy from the
mounting point  i to the mounting point j is 20, the time necessary for the
movement  is obtained to be 120 msec. Further, in the case where both the
head speed and the XY speed level for the mounting point j are 3, the  time
necessary for the movement is obtained to be 140 msec. 30 [0107] Here, a
value not listed in the conversion table 1307b can be  obtained by
performing linear interpolation or the like based on the  already
calculated values. For example, when the distance Oxy  -46 exceeds 1103,
the time txy(Axy) necessary for moving across the  distance Axy is obtained
by the following Formula (1). [0108] txy(Axy)=500+(Axy-103)/0.356 (1)
[0109] Here, the other parameters are converted into time when  



5 similar interpolation formulas are obtained. [0110] FIG. 13 is a flow
chart of processing executed by the first  component mounting order
determining unit 308a. The first component mounting order determining unit
308a  reads the mounting point information array 1307a and the  )o
conversion table 1307b from the database unit 1307 (51002). According to
the mounting point information array 1307a shown in  FIG. 10, mounting of
the components is performed in the order  indicated by arrows in FIG. 14.
[0111] Then, the first component mounting order determining unit  15 308a
generates a tact table based on the mounting point  information array 1307a
and the conversion table 1307b that have  been read out (51004). The tact
table is a table that lists the time  necessary after the mounting of a
component at a mounting point i  until the mounting of a component at a
mounting point j. 20 [0112] FIG. 15 is a diagram showing an example of a
tact table.  Here, the board mark 1404 is defined as a mounting point 0,
while  the dummy point 1406 is defined as a mounting point 6. The  mounting
time tij necessary from the mounting point i to the  mounting point j,
which are respective values in the tact table, is  25 obtained according to
the following Formula (2). [0113] tij=max{txy(Axy),tz(Az),
th(hj),tw(wmax(0-'i))} (2) [0114] Here, when the above-mentioned mounting
point  information i for the mounting point i is expressed as (xi,yi,z;
,hi,wi)  30 while the mounting point information j for the mounting point j
is  expressed as (xj,yj,zj,hj,wj), Axy=max{fix;-xjLlyi-y1 } -47 xy:
distance between the mounting points i and j on the table,  txy(Axy): value
obtained by converting Axy into time  according to the conversion table
1307b, Az=lzi-z;l: distance on the z axis between the component  



5 cassette that holds the component to be mounted at the mounting  point i
and the component cassette that holds the component to be  mounted at the
mounting point j, tz(Az): value obtained by converting Az into time based
on the  conversion table 1307b (time necessary for supplying the  io
component from the component supply unit 1011 to the mounting  head 1103)
h): head speed level of the component j (level 1 (high) to level  8 (low))
th(hj): time necessary for the intermittent rotation of the  15 rotary head
when the processing transits from the mounting at the  mounting point i to
the mounting at the mounting point j, wmax(o- !): maximum value among the
values ranging from the  transportation speed of the XY table 1015 for the
first mounting  point to the transportation speed of the XY table 1015 for
the  20 mounting point i (level 1 (high) to level 8 (low)), and
tw(wmax(o--*i)): value obtained by converting wmax(o-'i) into  time
according to the conversion table 1307b. [0115] Here, each mounting time
corresponds to a "cost" in a  traveling salesman problem described later.
Further, in the  25 calculation processing (S1004) for the tact table, ti;
=tji is assumed so that tai is not calculated. This reduces the processing
time.  Moreover, as for the "cost", aside from each mounting time, the
movement distance between two mounting points may be defined as  the cost.
30 [0116] Further, the mounting time from the dummy point to each  mounting
point (mounting point 1 through mounting point 5) is  assumed to be a value
(10000000 in this example) greater than the  -48 mounting time between any
of arbitrary mounting points. Further,  the mounting time between the board
mark 1404 and the dummy  point 1406 is assumed to be a value (1 in this
example) smaller than  the mounting time between any arbitrary mounting
points. Note 



5 that these values are examples and are not restricted to such.  [0117]
Then, the first component mounting order determining unit  308a generates
an initial traveling path based on the mounting point  information array
1307a (S1006). FIG. 16 is a diagram describing  a generating method for an
initial traveling path. The initial 1o traveling path is generated by
rearranging the mounting point  information array 1307a into descending
order of the transportation  speed values of the XY table (ascending order
of the level values).  Here, the XY speed level of the board mark 1404
(Data[0]) is  assumed to be 0, while the XY speed level of the dummy mark
1406 15 (Data[6]) is assumed to be 9. As a result, the start point is set
up  at the board mark 1404, while the end point is set up at the dummy
point 1406. Here, in order to speed up processing, in place of  replacing
the elements of the mounting point information array  1307a, a mounting
order array p that stores element numbers of the 20 mounting point
information array 1307a is utilized. Here, p[i]  indicates an element
number of the mounting point information  array 1307a for the mounting
point where mounting is performed at  the i+1th turn. That is, according to
the mounting order array p in  FIG. 16, components are mounted in the order
of board mark 1404, 25 mounting point 4, mounting point 5, mounting point
1, mounting  point 2, mounting point 3 and dummy point 1406. FIG. 17 shows
this mounting order. That is, a closed loop is generated in which  mounting
is performed in the above-mentioned order; starting at  the board mark 1404
and ending at the dummy point 1406. 30 [0118] Then, the first component
mounting order determining unit  308a acquires the total mounting time
along the obtained initial  traveling path (S1008). That is, the total
mounting time T along  -49 the initial traveling path is obtained by the
following Formula (3). [0119] T=t04+t45+t51+t12+t23+t36+t6O (3) [0120]
Here, as an example, the total mounting time according to  the tact table
shown in FIG. 15 is acquired as follows. 



5 [0121) T=200+380+400+400+300+10000000+1  =10002081 (msec) [0122] Then, in
accordance with the processing described below  (51010 to 51018), the first
component mounting order determining  unit 308a acquires a traveling path
that minimizes the total  io mounting time. [0123] According to the
above-mentioned description, the mounting  order array p that indicates the
initial traveling path obtained by the  initial traveling path generation
processing (51006) is generated as  shown in FIG. 16. However, to simplify
later descriptions, the 15 mounting order array p that indicates the
initial traveling path  obtained by the initial traveling path generation
processing (51006)  is assumed to be generated as shown in FIG. 18.
Further, for  simplicity of description, it is assumed that the XY speed
level of the  mounting point 0 (board mark 1404) is 0, while all XY speed
levels 20 from the mounting point 1 to the mounting point 5 are 1, and the
speed level of the mounting point 6 (dummy point 1406) is 9.  [0124] First,
the first component mounting order determining unit  308a sets up the loop
counter i to be 0 (51010). Then, the first  component mounting order
determining unit 308a applies a 2-OPT 25 method of a traveling salesman
problem to the traveling path, and  thereby tries to change the mounting
order (S1012). Details of the  2-OPT method (51012) are described later.
When the mounting  order has been changed by the 2-OPT method (YES in
S1014), the  loop counter i is reset to 0 (51016). When the mounting order
was 3o not successfully changed (NO in 51014), the loop counter i is
incremented by one (51018). The processing described here  (51012 to 51018)
is repeated until the value of the loop counter i  -50 reaches 7, that is,
until i=N=n+2 is satisfied (loop A). The  traveling path obtained at the
time that the value of the loop counter  i reaches 7 is the traveling path
that minimizes the total mounting  time and that is obtained in accordance
with the traveling salesman 



5 problem. That is, when the repeated processing of the loop A is
performed 7 times (N times) successively and still the mounting  order is
not changed, the traveling path obtained at that time is  concluded to be
the optimal traveling path, so that the component  mounting order is
determined. io [0125] The 2-OPT method (S1012) is described below in
detail.  FIG. 19 is a flow chart showing detailed processing of a 2-OPT
method. [0126] The first component mounting order determining unit 308a
sets up the loop counter j to be i+2 (S1102). Here, when the value  15 of
the loop counter j exceeds 7, ((i+2) mod 7) is substituted into the loop
counter j. Here, "x mod y" indicates the remainder in the case  where x is
divided by y. [0127] Then, the first component mounting order determining
unit  308a judges whether or not the XY speed values of the mounting  20
point indicated by element p[i+1] of the mounting order array p (the
mounting point indicated by element p[k] is referred to as the  mounting
point p[k], hereinafter) and the mounting point p[j] are  the same (51104).
[0128] When the XY speed values are the same (YES in S1104), the  25 total
mounting time is calculated for a traveling path where the  mounting point
p[i+1] and the mounting point p[j] are interchanged  (S1106). [0129] The
first component mounting order determining unit 308a  judges whether or not
the calculated total mounting time is smaller  30 than the previous total
mounting time (S1108). [0130] For example, in the case where i=0 and j=2,
when the total  mounting time is calculated before and after the
interchange of the  -51 mounting order for the mounting points p[1] and
p[2], no change  arises in the total mounting time. The reason is as
follows. That is,  when attention is focused on the mounting order of the
portion that  affects the change in the total mounting time, the, mounting
time 



5 between the two points p[0] and p[1] before the change of the  mounting
order is obtained to be t01=200 (msec) according to the  tact table.
Further, the mounting time between the two points p[2]  and p[3] is
obtained to be t23=300 (msec) according to the tact table.  Thus, the
mounting time from p[0] to p[3] is obtained to be 500 io (msec). On the
other hand, the mounting time from p[0] to p[2]  after the change of the
mounting order is obtained to be t02=300  (msec) according to the tact
table, while the mounting time from  p[1] to p[3] is obtained to be t13=200
(msec) according to the tact  table. Thus, the mounting time from p[0] to
p[3] is obtained to be 15 500 (msec), which is the same as that before the
mounting order  change. Accordingly, the total mounting time does not vary.
[0131] When the XY speed values of the mounting point p[i+1] and  the
mounting point p[j] are not the same with each other (NO in  51104), or
alternatively when the total mounting time is not smaller 20 than the
previous one (NO in S1108), the value of the loop counter  j is incremented
by one (51114). After that, during the time that  the value of the loop
counter j is smaller than i+n+1, processing  subsequent to S1104 is
repeated (loop B). Here, when j exceeds N.  "j mod N" is adopted in place
of j. When i+n+1 exceeds N, "i+n+l 25 mod N" is adopted in place of i+n+1.
When the processing of loop  B is completed, the 2-OPT method (S1012 in
FIG. 13) is terminated.  [0132] When the total mounting time after the
mounting point  interchange is smaller than the total mounting time before
the  mounting point interchange (YES in 51108), the first component 30
mounting order determining unit 308a updates the total mounting  time with
the total mounting time after the mounting point  interchange (51110).
Further, the first component mounting order  -52 determining unit 308a
replaces the elements of the mounting order  array p, and thereby changes
the mounting order (S1112). Here,  as described later with reference to
FIG. 21, the interchange of  mounting points corresponds to interchange of
the paths in the 



5 closed loop. When paths are interchanged, a closed loop is not  formed
until the orientation of the paths located between the  interchanged paths
is reversed. Thus, when the mounting order is  changed, the processing of
reversing the orientation of the paths is  performed simultaneously. Then,
the 2-OPT method (S1012 in FIG.  110 13) in the traveling salesman problem
is completed. [0133] For example, in the case where i=0 and j=4, the
mounting  time for the respective mounting points before the interchange of
the mounting point p[1] (mounting point 1, in this example) with the
mounting point p[4] (mounting point 4, in this example) is as shown 15 in
the table in the lower part in FIG. 20(a). Further, the mounting  time for
the respective mounting points after the interchange of the  mounting point
1 with the mounting point 4 is as shown in the table  in the lower part in
FIG. 20(b). That is, FIGS. 21(a) and 21(b) are  diagrams respectively
showing the traveling paths before and after 20 the interchange of the
mounting points. Here, the interchange of  the mounting point 1 with the
mounting point 4 corresponds to the  interchange of the path from the
mounting point 0 to the mounting  point 1 with the path from the mounting
point 4 to the mounting  point 5. 25 [0134] When only the mounting time of
the portion that affects the  total mounting time is taken into
consideration, the mounting time  from the mounting point 0 to the mounting
point 1 before the  mounting point interchange is t01=200 (msec) according
to the tact  table, while the mounting time from the mounting point 4 to
the 30 mounting point 5 is t45=380 (msec) according to the tact table.
Thus, the total mounting time is 580 (msec). On the other hand,  the
mounting time from the mounting point 0 to the mounting point  -53 4 after
the mounting point interchange is t04=200 (msec) according  to the tact
table, while the mounting time from the mounting point  1 to the mounting
point 5 is t15=100 (msec) according to the tact  table. Accordingly, the
total mounting time is 300 (msec), which is 



5 smaller than the value before the mounting point interchange.  Moreover,
following the interchange of the mounting point p[1] with  the mounting
point p[4], the values of the elements p[2] and p[3]  located between p[1]
and p[4] are also interchanged as shown in  FIG. 20(b). That is, the value
of p[2] is changed from 2 to 3, while 10o the value of p[3] is changed from
3 to 2. This is because, as shown  in FIG. 21, when p[1] and p[4] are
interchanged, orientation is  reversed in the path from p[1] to p[2], the
path from p[2] to p[3]  and the path from p[3] to p[4] located
therebetween. Here, even  when the orientation of the path is reversed, in
the 15 above-mentioned calculation processing (S1004) for the tact table,
the tact table is acquired assuming t;j=t1;. Thus, the portion where  the
orientation of the path is reversed does not affect the change in  the
total mounting time. [0135] Here, the description in FIG. 21 is summarized
as follows.  20 FIG. 21(b) shows the case where even when the orientation
of the  path is reversed, no change arises in the mounting time for the
mounting points making up that path. Further, the final purpose is  to
reduce the total mounting time for the closed loop. Thus, as long  as this
condition is satisfied, the mounting order may be changed 25 from that
shown in FIG. 21(a) to that shown in FIG. 21(b). Further,  FIG. 21(b) shows
that when a particular two mounting points are  interchanged, the
orientation of the path needs to be interchanged  appropriately so that a
closed loop is formed. [0136] FIG. 22 is a diagram showing the processing
result of the  30 above-mentioned mounting order determination processing
performed by the first component mounting order determining unit  308a.
FIG. 22(a) is a diagram showing a mounting order array p  -54 and the
mounting time for the mounting points. FIG. 22(b) is a  diagram showing a
traveling path for the mounting points on the  actual board and the
mounting time for the mounting points.  According to the mounting order
array p, a traveling path is 



5 generated in the order of mounting points 0, 4, 2, 3, 1, 5, 6 and 0,
while the total mounting time is 10001001. Here, the total  mounting time
for the closed loop shown in FIG. 21(b) is calculated  to be 10001251.
Thus, the total mounting time for the closed loop  shown in FIG. 22(b) is
smaller. 10 [0137] FIG. 23 is a diagram showing the relation among a
mounting  order array p and a mounting point information array "Data" which
are shown in FIG. 22(a) and mounting order. The value of each  element of
the mounting order array p shown in FIG. 23(a) is an  index for the
mounting point information array "Data" shown in FIG. 15 23(b). An arrow
between the mounting order array p and the  mounting point information
array "Data" indicates an element of the  mounting point information array
"Data" indicated by each element  of the mounting point array p. That is,
the value 0 of p[0] is the  index for an element of the mounting point
information array "Data" 20 for the mounting point where the mounting is
performed first. Thus,  Data[0] is indicated. Data[0] stores information
concerning the  position of the board mark 1404. Further, the value 4 of
p[1] is the  index for an element of the mounting point information array
"Data"  for the mounting point where the mounting is performed second. 25
Thus, Data[4] is indicated. Data[4] stores mounting point  information for
the mounting point 4. When the mounting point  information array "Data" is
rearranged based on the values of the  mounting order array p, except for
the board mark 1404 and the  dummy point 1406 from the traveling path
obtained as described 30 here, a mounting point information array "Data" is
generated that  indicates mounting in the order of mounting points 4, 2, 3,
1 and 5  as shown in FIG. 23(c). 55 [0138] FIG. 24 is a diagram describing
another generating method  for a mounting point information array "Data".
The mounting point  array p shown in FIG. 24(a) and the mounting point
information  array "Data" shown in FIG. 24(b) are assumed to be given. 



5 According to these, the start point of the traveling path is the  dummy
point. Thus, a traveling path shown in FIG. 25 is generated.  Accordingly,
in this case, a mounting point information array "Data"  as shown in FIG.
24(c) is generated by a method similar to that in  FIG. 23, and then the
mounting order in the mounting point io information array "Data" is
changed. As a result, a traveling path  shown in FIG. 22(c) is generated.
By acquiring the mounting point  information array "Data" in this manner,
components are mounted  starting at the mounting point close to the board
mark 1404. [0139] FIG. 26 is a table showing experimental results of a  15
conventional method and a method according to the present  application. In
this table, the first column indicates the sample number.  The second
column indicates the number of mounting points. The  third column indicates
the number of component types. The fourth 20 column indicates the total
mounting time in the case where the  components are mounted in accordance
with the mounting order  obtained by a conventional method (greedy
algorithm). The fifth  column indicates the total mounting time in the case
where the  components are mounted in accordance with the mounting order 25
obtained by using a traveling salesman problem which is the method  of the
present application. The sixth column indicates the  percentage of the
total mounting time shown in the fourth column  relative to the total
mounting time shown in the fifth column. The  seventh column indicates the
processing time necessary for 3o acquiring the mounting order according to
the method of the present  application. Here, in both the conventional
method and the method  of the present application, the arrangement of the
component  -56 cassettes on the Z-axis is the same, and hence the condition
is the  same with each other. [0140] According to the improvement ratio
shown in the sixth  column, the value exceeds 100% for all samples, while
improvement  



5 of 18.2% (sample E) is obtained at maximum. Further, the processing time
necessary for acquiring the mounting order is less  than 1 second for all
samples. [0141] As described above, according to the component mounting
order determination processing performed by the first component  1o
mounting order determining unit 308a, optimal component  mounting order can
be determined within a practical time. [0142] Although the component
mounting order determination  processing performed by the first component
mounting order  determining unit 308a has been described up to this point,
this  15 processing is not limited to that described above. [0143] For
example, in the determination method for the component  mounting order
shown in FIG. 13, the initial traveling path is  acquired (S1006 in FIG.
13) by rearranging the mounting point  information array 1307a into
descending order of the transportation 20 speed values of the XY table
(ascending order of the level values).  However, the initial traveling path
may be acquired by the greedy  algorithm. This speeds up the subsequent
determination  processing for the component mounting order performed in
accordance with a traveling salesman problem. 25 [0144] Further, in the
above-mentioned component mounting order  determination processing, the
dummy point 1406 is provided near  the board mark 1404. However, the dummy
point 1406 need not be  provided near the board mark 1404. That is, the
dummy point  1406 may be provided near a predetermined component mounting
3o point where the component is mounted first. [0145] Further, the dummy
point 1406 may be at the same position  as a predetermined component
mounting point where the  -57 component is mounted first. [0146] Further,
it is possible to have a configuration in which, in  place of switching and
executing the component mounting order  determination processing as in the
operating time reducing 



5 apparatus 300 in FIG. 2, only the component mounting order  determination
processing performed by the first component  mounting order determining
unit 308a is exclusively executed.  [0147] FIG. 27 is an external
appearance view of a component  mounting system having this configuration.
10 The component mounting system is a system that determines  a mounting
order for components onto a board and that mounts the  components onto the
board in accordance with the determined  mounting order. The component
mounting system includes a  component mounter 1010 and a component mounting
order  15 determining apparatus 1300. [0148] FIG. 28 is a functional block
diagram showing a configuration  of a component mounting order determining
apparatus. The component mounting order determining apparatus 1300  is a
computer for determining mounting order for components onto  20 a board,
and includes an arithmetic control unit 1301, a display unit 1302, an input
unit 1303, a memory unit 1304, a component  mounting order determination
program storing unit 1305, a  communication I/F (interface) unit 1306 and a
database unit 1307.  [0149] The component mounting order determining
apparatus 1300 25 is implemented by a general-purpose computer system such
as a  personal computer that executes a component mounting order
determination program. In a state not connected to the component  mounter
1010, the component mounting order determining  apparatus 1300 serves also
as a stand-alone simulator (a tool for  30 component mounting order
determination). [0150] The arithmetic control unit 1301 is a CPU (Central
Processing  Unit), a numerical processor and the like. In response to an  -
58  instruction from the user or the like, the arithmetic control unit 1301
loads a necessary program from the component mounting order  determination
program storing unit 1305 to the memory unit 1304,  and executes it. Then,
in accordance with the execution result, the 



5 arithmetic control unit 1301 controls individual units 1302 to 1307.
[0151] The display unit 1302 is a CRT (Cathode-Ray Tube), an LCD  (Liquid
Crystal Display) or the like, while the input unit 1303 is a  keyboard, a
mouse and the like. These units are used for  interactive operation or the
like between the component mounting to order determining apparatus 1300 and
an operator, under the  control of the arithmetic control unit 1301. [0152]
The communication I/F unit 1306 is a LAN (Local Area  Network) adapter or
the like, and is used for communication and the  like between the component
mounting order determining apparatus 15 1300 and the component mounter
1010. The memory unit 1304 is  a RAM (Random Access Memory) or the like
that provides a working  area for the arithmetic control unit 1301. [0153]
The database unit 1307 is a hard disk that stores, for  example: input data
used for the component mounting order  20 determination processing
performed by the component mounting order determining apparatus 1300 (such
as the mounting point  information array 1307a and the conversion table
1307b); and the  mounting order for components determined by the component
mounting order determination processing. 25 [0154] The program stored in
the component mounting order  determination program storing unit 1305 is a
program that serves as  the above-mentioned first component mounting order
determining  unit 308a when executed by the arithmetic control unit 1301.
Thus,  when the program is executed by the arithmetic control unit 1301, 30
processing similar to that of the above-mentioned first component  mounting
order determining unit 308a can be performed. [0155] Here, the first
component mounting order determining unit  -59 308a has performed the
optimization processing for the component  mounting order in the case where
the component mounter 1010 is of  rotary type. However, the processing
performed by the first  component mounting order determining unit 308a is
applicable also 



5 to a component mounter referred to as a radial component inserter.
[0156] FIG. 29 is an external appearance view showing an  exemplary
configuration of a component mounter referred to as a  radial component
inserter. The component mounter 1500 is a  so-called radial component
inserter in which the leads of a radial to component are inserted into
through holes in the board so that the  radial component is mounted onto
the board. [0157] The component mounter 1500 includes a component supply
unit 1510, a component transporting unit 1520, a head 1530, a
transportation loader 1540, an XY table 1550 and two IC tag readers  15
1611. [0158] FIG. 30 is a diagram conceptually showing the main
configuration of a component mounter 1500. The component supply unit 1510
stores a plurality of radial  components and transfers the radial
components to the component  20 transporting unit 1520. The component
supply unit 1510 includes a component housing unit 1511, a plurality of
guides 1512 and a  plurality of cassettes 1513. [0159] The component
housing unit 1511 houses a plurality of packs  1511a each serving as
component supply means that packs a group  25 of radial components C of the
same kind. The group of radial components C of the same kind is arranged in
one row and held on  one tape. That is, the above-mentioned pack 1511a
packs the tape  (component tape) t that holds these radial components C in
a folded  state. 30 [0160] The guides 1512 guide into the cassette 1513 the
component  tape t extracted from the pack 1511a of the component housing
unit  1511. 60 [0161] The cassette 1513 extracts the component tape t from
the  pack 1511a of the component housing unit 1511, and performs
continuous feeding operation. Then, the cassette 1513 cuts the  supplied
component tape ton the tip side, and thereby separates the 



5 plurality of radial components C held on the component tape t so as  to
supply them to the component transporting unit 1520 [0162] The component
transporting unit 1520 transports to the  head 1530 the radial components C
supplied from the cassette 1513.  The component transporting unit 1520
includes three pulleys 1521, io a conveyor belt 1522, a plurality of chuck
holding units 1523, and a  drive mechanism (not shown) that rotates the
pulleys 1521.  [0163] The conveyor belt 1522 is formed, for example, from
synthetic resin in an annular shape, and wound approximately in a
triangular shape by the three pulleys 1521. The conveyor belt 1522 15 goes
round by the rotation of the pulleys 1521. [0164] The plurality of chuck
holding units 1523 are attached to the  conveyor belt 1522 at approximately
regular intervals with each  other, and hold (grip) the radial components
C. [0165] In this component transporting unit 1520, the radial  20
components C supplied from the cassette 1513 are held by the chuck  holding
units 1523 of the conveyor belt 1522, and then the radial  components C are
sequentially transported from the cassette 1513  to the head 1530. [0166]
As shown in FIG. 29, the transportation loader 1540 carries  25 in a board
B to the XY table 1550 and then transports the board B  onto which
components have been mounted, to the outside of the  component mounter
1500. [0167] The XY table 1550 moves the board B in the two-dimensional
directions along the mounting surface. 30 The head 1530 acquires and holds
the radial components C  transported by the component transporting unit
1520, and then  mounts the radial components C onto the board B placed on
the XY  -61 table 1550. [0168] The two IC tag readers 1611 are arranged in
the component  housing unit 1511, and reads later-described component
information from the IC tag 1511b attached to each pack 1511a. 



5 Further, a signal outputted from each IC tag 1511b is acquired by  the
two IC tag readers 1611 arranged at mutually different positions.  Thus,
the position of each IC tag 1511b is identified based on the  acquired
signal. That is, since each IC tag 1511b is attached to  each pack 1511a,
the position (Z-number "Z1, Z2, ...") of each pack  10 1511a is identified.
[0169] Further, the processing performed by the first component  mounting
order determining unit 308a is applicable also to a  component mounter
referred to as a jumper inserting machine that  inserts a jumper component
onto a board or an axial inserter that  15 inserts an axial component.
[0170] [Second Component Mounting Order Determining Unit 308b]  The
component mounter controlled by the second component  mounting order
determining unit 308b is a component mounter  2100 of modular type shown in
FIG. 1. 20 [0171] FIG. 31 is a plan view showing the main configuration of
a  component mounter 2100 according to the present invention. A shuttle
conveyor 2118 is a transportation table (a  component transportation
conveyer) for conveying a component  extracted from a tray supply unit
2117, to a predetermined position 25 where the component can be picked up
by a head 2112. A nozzle  station 2119 is a table on which changeable
nozzles corresponding  to various component sizes are placed. [0172] Two
component supply units 2115a and 2115b that make up  a sub-equipment 2110
(or 2120) are arranged respectively in the  8o right and left of a
component recognition camera 2116. Thus, after picking up components at the
component supply unit 2115a or  2115b, the head 2112 passes the component
recognition camera  -62 2116 and then moves to the mounting points of the
board 2020 so as  to repeat the operation of mounting all picked-up
components  sequentially. "Mounting point" refers to a coordinate point on
the  board 2020 where a component should be mounted, and there are 



5 cases where components of the same component type can be  mounted at
mutually different mounting points. The total number  of components
(mounting points) arranged on each component tape  corresponding to the
same component type is equal to the number  of components of that component
type (the total number of  1o components to be mounted). [0173] Here, one
iteration (pickup, transportation and mounting) of  the repeated series of
operations composed of pickup,  transportation and mounting of the
components performed by the  head 2112, or alternatively a component group
to be mounted by 15 this one iteration of operations is referred to as a
"task". For  example, when a ten-nozzle head is employed, the maximum
number of components mounted in one task is 10. Here, the  "pickup"
described here includes the entire pickup operation from  the time that the
head 2112 begins to pick up the components until 20 the time that the head
2112 transports them. For example, in  addition to the case where ten
components are picked up in one  iteration of pickup (one iteration of a
lowering and raising operation  of the head 2112), the case where ten
components are picked up by  multiple iterations of pickup is included in
the definition. 25 [0174] FIG. 32 is a schematic diagram showing positional
relation  between a head 2112 and a component cassette 2114. The head  2112
is an operation head of a type referred to as a "gang pickup  method", to
which a maximum of ten pickup nozzles 2112a can be  attached. At that time,
components can be picked up 30 simultaneously (in one iteration of a
lowering and raising operation)  from each of a maximum of ten component
cassettes 2114. [0175] Here, in a component cassette 2114 referred to as a
"single  -63 cassette", one component tape is loaded, while in a component
cassette 2114 referred to as a "double cassette", two component  tapes are
loaded. Further, the setting position of a component  cassette 2114 (or a
component tape) in the component supply unit 



5 2115a or 2115b is referred to as the "value on the Z-axis" or the
"position (Z-number) on the Z-axis". As the Z-numbers,  consecutive numbers
are used in which the leftmost end of the  component supply unit 2115a is
assigned to "Z1". The "Z-axis"  indicates a coordinate axis that identifies
the arrangement position io (setting position) of a component cassette 2114
set up in each  component mounter (sub-equipment, in the case where
sub-equipment is included). [0176] The component mounting order
determination processing  executed by the second component mounting order
determining unit  15 308b is described below. The component mounting order
determination processing executed by the second component  mounting order
determining unit 308b is almost the same as the  component mounting order
determination processing executed by  the first component mounting order
determining unit 308a. 20 However, a formula different from the
above-mentioned Formula (2)  is used for acquiring the mounting time t;j
from the mounting point  i to the mounting point j on the board. [0177]
That is, the mounting time t;j is acquired by the following  Formula (4).
25 t;j=txy(Ax'y') (4) Ax'y'=max{Ix';-x'jl,ly'j-y'jl}: distance between the
corrected  mounting point i and the corrected mounting point j on the board
2020, and txy(Ax'y'): value obtained by converting Ax'y' into time  30
according to the conversion table 1307b. [0178] Here, the "corrected
mounting point i" refers to a point  where the head center 2502 is located
when the component is  -64 mounted at the mounting point i, as described
later. It is the same  for the "corrected mounting point j". [0179] FIG.
33(a) is a diagram of a head 2112 viewed from the side.  FIG. 33(b) is a
diagram of the head 2112 viewed from the bottom.  



5 In order to simplify the following description, the number of pickup
nozzles 2112a is assumed to be four. Nozzle numbers 1 to 4 are  assigned to
the pickup nozzles 2112a. Further, the center of the  four pickup nozzles
2112a is located at the head center 2502. As  shown in FIG. 33(a), the
first pickup nozzle 2112a is offset to the left io from the head center
2502 by 30 in the x-coordinate. Similarly, the  second pickup nozzle 2112a
is offset to the left from the head center  2502 by 10 in the x-coordinate.
Further, the third and the fourth  pickup nozzle 2112a are offset from the
head center 2502 to the  right by 10 and 30, respectively, in the
x-coordinate. 15 [0180] FIG. 34 is a diagram showing an example of a board
2020.  It is assumed that two board marks 2402 and 2404 are formed on  the
board 2020 in advance while four mounting points (mounting  point 1 through
mounting point 4) are further provided on the board.  The four mounting
points are points where components are to be 20 mounted by the component
mounter 2010. An image of the board  mark 2402 and the board mark 2404 is
acquired by the board  recognizing camera (not shown) provided in the head
2112 for the  purpose of positioning of the board 2020, so that their
positions are  recognized. Here, it is assumed that the position of the
board mark 25 2402 is recognized first while the position of the board mark
2404 is  recognized next. Here, the coordinates of the four mounting points
are as shown in the figure. For example, the coordinates of the  mounting
point 1 are (x,y)=(100,100). [0181] In addition, a hypothetical point
referred to as a dummy  30 point 2406 is provided outside the board 2020.
Specifically, as  shown in FIG. 35, the dummy point 2406 is provided at the
component supply opening of the component cassette located in the  -65
center of a plurality of component cassettes 2114 in the component  supply
unit 2115a or 2115b. For example, when nine component  cassettes 2114 are
employed (Z-axis values are 1 to 9), the dummy  point 2406 is provided at
the component supply opening of the  



5 component cassette 2114 having a Z-axis value of 5. [0182] Here, in the
processing performed by the second component  mounting order determining
unit 308b, the dummy point 2406 is  adopted as the start point and the end
point when the component  mounting order determination problem is modeled
in the form of a to closed circuit, which is an intermediate point on the
closed circuit.  Here, the mounting order determination problem modeled in
the  form of a closed circuit is equivalent to a traveling salesman
problem. [0183] FIG. 36 is a diagram showing an example of a mounting point
15 information array 1307a. In this processing, in contrast to the
mounting point information array 1307a shown in FIG. 10, both the  start
point and the end point in the mounting point information array  1307a are
assigned to the dummy point. Further, the mounting  point information is
different from that shown in FIG. 10. That is, 20 the mounting point
information includes: an "x-coordinate" and a  "y-coordinate" which are the
coordinates of a mounting point; a  "pickup nozzle number" which is the
number of the pickup nozzle  2112a that picks up the component to be
mounted at the mounting  point; and an "x'-coordinate" and a
"y'-coordinate" obtained by 25 correcting the "x-coordinate" and the
"y-coordinate" based on the  position of the pickup nozzle 2112a. [0184]
FIG. 37 is a diagram describing a calculation method for an
"x'-coordinate" and a "y'-coordinate". As shown in the figure, the
components to be mounted at the mounting points 1, 2, 3 and 4 are 3o picked
up by the pickup nozzles 2112a having the nozzle numbers 2,  1, 4 and 3. As
shown in FIG. 33, the pickup nozzle 2112a having  the nozzle number 1 is
offset to the left from the head center 2502  -66 by 30. Thus, although the
coordinates of the mounting point 2 are  (x,y)=(150,150), the coordinates
(x',y') of the head center 2502 at  the time of mounting at the mounting
point 2 is  (180(=150+30),150). As such, the "x'-coordinate" and the 



5 "y'-coordinate" indicate the coordinates of the head center 2502 at  the
time of component mounting. [0185] FIG. 38 is a flow chart of processing
executed by the second  component mounting order determining unit 308b. The
optimization data reading processing (S1002) is similar  io to the
processing executed by the first component mounting order  determining unit
308a. The second component mounting order  determining unit 308b converts
the read-out mounting point  coordinates of the mounting point information
array 1307a into an  x'-coordinate and a y'-coordinate as described above
(S2002). 15 [0186] Based on the obtained x'-coordinate and y'-coordinate of
the  mounting point and the coordinate of the dummy point, the second
component mounting order determining unit 308b generates a tact  table as
shown in FIG. 15 (52004). The subsequent processing  (S1006 to 51018) is
similar to the processing executed by the first 20 component mounting order
determining unit 308a. Thus, detailed  description is not repeated here.
[0187] When the above-mentioned processing is performed, optimal  component
mounting order in a component mounter of modular type  can be determined.
This reduces operating time in the component  25 mounter. [0188] Here, in
the above-mentioned method, as shown in FIG. 37,  the types of the
components held by the pickup nozzles 2112a have  been fixed in advance. In
the following example, two kinds of  component type patterns for the
components held by the pickup 3o nozzles 2112a are prepared, and then a
component type pattern is  adopted that has the smaller mounting time for
the components.  [0189] FIG. 39 is a flow chart of processing executed by
the second -67 component mounting order determining unit 308b. The second
component mounting order determining unit 308b  determines a component
group that makes up one task (52102).  The determination method for the
component group may be a 



5 method of selecting a component one by one starting with a  component of
which the number to be mounted is greatest. For  example, in the case of a
number histogram shown in FIG. 40(a),  component A through component D
having the greater  to-be-mounted numbers are adopted as a component group
io contained in one task. [0190] Then, the second component mounting order
determining  unit 308b determines pickup nozzle numbers for the components
in  a priority-to-pickup manner (52104). That is, the nozzle numbers  are
determined such as to minimize the component pickup time. 15 For example,
as shown in FIG. 40(b), the component cassettes 2114  are arranged in the
order of components A, B, C and D. In this case,  as shown in FIG. 40(c),
the time for the component pickup is  minimized when the component A is
picked up by the pickup nozzle  2112a having the nozzle number 1, the
component B is picked up by 20 the pickup nozzle 2112a having the nozzle
number 2, the component  C is picked up by the pickup nozzle 2112a having
the nozzle number  3, and the component D is picked up by the pickup nozzle
2112a  having the nozzle number 4. [0191] Then, based on the component
pickup pattern in a  25 priority-to-pickup manner obtained by the
processing of 52104 as  shown in FIG. 40(c), the second component mounting
order  determining unit 308b performs optimization processing for the
component mounting order (52106). The optimization processing  (S2106) is
similar to the processing shown in FIG. 38, and hence  30 description is
not repeated. [0192] Then, the second component mounting order determining
unit 308b determines pickup nozzle numbers for the components in  -68 a
priority-to-mounting manner (52108). That is, the nozzle  numbers for
component pickup are determined such as to minimize  the component mounting
time onto the board 2020. In this  example, the pickup nozzle numbers for
the components are 



5 determined so that a pickup nozzle 2112a having a smaller nozzle  number
picks up a component having a smaller x-coordinate of the  mounting point.
According to this determination method, the  corrected x-coordinate
(x'-coordinate) moves toward the center of  the board 2020. This reduces
the movement distance at the time of  io mounting by the head 2112. [0193]
For example, in the case where mounting points are  arranged as shown in
FIG. 41(a), as shown in FIG. 41(b) the  component A is picked up by the
pickup nozzle 2112a having the  nozzle number 1, the component D is picked
up by the pickup nozzle 15 2112a having the nozzle number 2, the component
C is picked up by  the pickup nozzle 2112a having the nozzle number 3, and
the  component B is picked up by the pickup nozzle 2112a having the  nozzle
number 4. [0194] Then, based on the component pickup pattern in a  20
priority-to-mounting manner obtained by the processing of S2108  as shown
in FIG. 41(b), the second component mounting order  determining unit 308b
performs optimization processing for the  component mounting order (52110).
The optimization processing  (S2110) is similar to the processing shown in
FIG. 38, and hence  25 description is not repeated. [0195] The second
component mounting order determining unit  308b compares the total mounting
time in the component mounting  order determined in a priority-to-pickup
manner (referred to as a  "priority-to-pickup total mounting time",
hereinafter) with the total 3o mounting time in the component mounting
order determined in a  priority-to-mounting manner (referred to as a
"priority-to-mounting  total mounting time", hereinafter) (52112). -69
[0196] When the priority-to-pickup total mounting time is smaller  than the
priority-to-mounting total mounting time (YES in 52112),  the second
component mounting order determining unit 308b  adopts the component pickup
pattern and the component mounting 



5 order determined in a priority-to-pickup manner (S2114). On the  other
hand, when the priority-to-mounting total mounting time is  smaller than or
equal to the priority-to-pickup total mounting time  (NO in 52112), the
second component mounting order determining  unit 308b adopts the component
pickup pattern and the component 1o mounting order determined in a
priority-to-mounting manner  (52116). [0197] According to the
above-mentioned processing, an optimal  component type for the component to
be held by each pickup nozzle  2112a can be determined. 15 [0198] Here, the
processing executed by the second component  mounting order determining
unit 308b is applicable also to a  component mounter of modular type in
which a rotary head moves  and mounts components onto a board. [0199] Two
kinds of such rotary heads are described below.  20 FIG. 42 is a
perspective view of a rotary head. [0200] The rotary head 2405 has a first
head unit 2405a and a  second head unit 2405b which are installed in
parallel and have the  same function. Since these head units are units
having  approximately the same function, the structure of the first head
unit  25 2405a is solely described below. [0201] The first head unit 2405a
includes: a fixing base 2410; a  plurality (six in FIG. 42) of nozzle
raising and lowering motors 2411  arranged on the fixing base 2410; a
plurality of pickup nozzles 2412  that pick up components by suction and
hold them; a pickup unit so 2413 that holds the pickup nozzles 2412 in an
attachable and  detachable manner; a plurality of cam tubes 2414; and a
6-motor  2415 that causes the pickup nozzles 2412 to rotate about an A-axis
70 or an A'-axis. [0202] In the first head unit 2405a having the
above-mentioned  structure, by virtue of revolving operation of the 0-motor
2415, the  plurality of pickup nozzles 2412 rotate about the A-axis in a
state 



5 that their relative positions are maintained. Then, the pickup  nozzle
2412 having moved to the immediate under of the nozzle  raising and
lowering motor 2411 moves downward by virtue of a  pressing force from the
nozzle raising and lowering motor 2411  located in the immediate over.
Further, when the angle of the io component picked up by the pickup nozzle
2412 is to be corrected,  the pickup nozzle 2412 is rotated about the
A'-axis by virtue of  revolving operation of the 0-motor 2415. [0203] Here,
the above-mentioned description has been given for  the case that the
rotary head has a structure that plural sets of  15 pickup nozzles are
provided and that the pickup nozzles of each set in the same direction are
rotated. However, the structure may be  so that the pickup nozzles of each
set in mutually different directions  are rotated. That is, as shown in
FIG. 43, the rotary head may has  a first head unit 2460a and a second head
unit 2460b which are 20 installed in parallel and have the same function.
Then, each of the  first head unit 2460a and the second head unit 2460b may
include:  a unit outer frame 2461; a sub head 2462 attached to the unit
outer  frame 2461 in a manner that allows it to revolve; a sub head rotary
motor 2463 that drives the rotation of the sub head 2462; pickup 25 nozzles
2464 that pick up components and holding them; a  depression mechanism 2465
that lowers the pickup nozzle 2464  located at the lower end position of
the sub head 2462; and an  image pickup unit 2466. [0204] Here, as in the
case of the rotary head shown in FIG. 43,  30 when an image pickup unit
2466 (component recognition camera) is  provided between the pickup and the
mounting of the component,  component recognition is completed between the
pickup and the  71 mounting of the component. Thus, in such a case, the
operation of  component recognition is performed after the pickup nozzle
picks up  the component by the time that that the component is moved to the
mounting position. This provides a feature that the component the 



5 recognition time can be disregarded so that the mounting time and  the
pickup time can be regarded as mutually the same. [0205] Optimization
processing for component mounting order  performed by using such a rotary
head is described below. [0206] FIG. 44 is a schematic diagram in the case
where a  io component mounter provided with a rotary head 2405 shown in
FIG.  42 is viewed from the above. [0207] Here, for simplicity of
description, one head unit is employed  solely, while four pickup nozzles
2412 are provided. The rotary  head 2405 picks up components with rotating
clockwise when 15 viewed from the above. The task picked up by the rotary
head 2405  is made up of components A, B, C and D. The component cassettes
2114 are arranged in the component supply unit 2115a as shown in  the
figure. In this example, in the case where the rotary head 2405  picks up
the components with moving from right to left in the figure, 20 the time
for the pickup operation is minimized when the component  D is picked up by
the first pickup nozzle 2412, the component C is  picked up by the second
pickup nozzle 2412, the component B is  picked up by the third pickup
nozzle 2412, and the component A is  picked up by the fourth pickup nozzle
2412. 25 [0208] On the other hand, in the case where the rotary head 2405
picks up the components with moving from left to right as shown in  FIG.
45, the time for the pickup operation is minimized when the  component A is
picked up by the first pickup nozzle 2412, the  component B is picked up by
the second pickup nozzle 2412, the 30 component C is picked up by the third
pickup nozzle 2412, and the  component D is picked up by the fourth pickup
nozzle 2412.  [0209] When the processing subsequent to S2004 shown in FIG.
38 -72 is performed in accordance with the pickup pattern for the
components obtained as described above, optimal component  mounting order
can be determined for a component mounter of  modular type provided with a
rotary head. This reduces operating  



5 time in the component mounter. [0210] Further, similarly to the case in
FIG. 39, two kinds of  component type patterns for the components held by
the pickup  nozzles 2112a may be prepared, and then a component type
pattern  may be adopted that has the smaller mounting time for the  io
components. [0211] Here, the component pickup pattern in a
priority-to-pickup  manner is any one of the pickup patterns shown in FIGS.
44 and 45.  Further, in the case where mounting points are arranged as
shown in  FIG. 46(a), based on the x-coordinates of the mounting points as
15 shown in FIG. 46(b), the component pickup pattern in a
priority-to-mounting manner is determined so that the component A  is
picked up by the first pickup nozzle 2412, the component D is  picked up by
the second pickup nozzle 2412, the component C is  picked up by the third
pickup nozzle 2412, and the component B  20 picked up by the fourth pickup
nozzle 2412 (S2108). [0212] When processing similar to that shown in FIG.
39 is  performed based on the component pickup pattern in a
priority-to-pickup manner and the mounting pattern in a
priority-to-mounting manner which have been determined as 25 described
above, an optimal component type for the component to  be held by each
pickup nozzle 2112a can be determined. [0213] Here, in place of the
configuration that the component  mounting order determination processing
is switched and executed  as in the operating time reducing apparatus 300
in FIG. 2, the 30 component mounting order determining apparatus may be
used in  place of the operating time reducing apparatus 300 such as to
execute exclusively the component mounting order determination  -73
processing performed by the second component mounting order  determining
unit 308b. The component mounting order  determining apparatus is similar
to that described with reference to  FIG. 28. 



5 [0214] [Third Component Mounting Order Determining Unit 308c]  As a
component mounter that mounts components such as  electronic components
onto a printed circuit board according to the  conventional art, a
component mounter is known in which a plurality  of mounting heads
alternately mount components onto one board. io [0215] In order to control
such a component mounter, various  component mounting methods have been
proposed (see, for  example, Japanese Laid-Open Patent Publication No.
2004-186391)  In the technique disclosed in Japanese Laid-Open Patent
Publication  No. 2004-186391, components are mounted by two mounting heads.
15 At that time, the components are allocated so that the number of
mounting points for the components to be mounted onto the board  is the
same in each of the two mounting heads. [0216] However, when the number of
components assigned to each  mounting head is merely equalized as in the
technique described in  20 Japanese Laid-Open Patent Publication No.
2004-186391, a tact loss cannot be resolved in the operation that the
individual mounting  heads alternately mount the components onto the board.
That is, a  problem arises that a time loss from the completion of
component  mounting operation onto the board performed by a particular 25
mounting head until the start of component mounting operation  onto the
board performed by the next mounting head cannot be  reduced. [0217] For
example, if pickup and recognition of the components by  a particular
mounting head were not completed at the time of  30 completion of component
mounting performed by the other mounting head, mounting operation for the
components onto the  board is suspended until the operation is completed.
This  -74 suspended time causes a tact loss. [0218] Further, in some cases
depending on the component mounter,  individual mounting heads can have
mutually different numbers of  pickup nozzles for the components. In such
cases, if the number of 



5 mounting points for the components to be mounted were set up the  same
for each mounting head, the number of tasks could be  different for each
mounting head. Here, the task indicates a  component group to be mounted in
one iteration of a repeated series  of operations composed of pickup,
transportation and mounting of  10 the components performed by the mounting
head. [0219] For example, in a component mounter in which two mounting
heads alternately mount components, it is assumed that the number  of
nozzles of one mounting head is eight while the number of nozzles  of the
other mounting head is four. Further, the number of 15 mounting points for
the components is 240. In this case, when the  number of mounting points
for the components to be mounted by  each mounting head is calculated
according to the method described  in Japanese Laid-Open Patent Publication
No. 2004-186391  mentioned above, a value of 120 is obtained as the number
of 20 mounting points for the components which is obtained by dividing  the
total number 240 of mounting points for the components by the  number 2 of
mounting heads. [0220] Accordingly, the number of tasks of one mounting
head  becomes 15 tasks (=120 points / 8 nozzles), while the number of  25
tasks of the other mounting head becomes 30 tasks (=120 points /  4
nozzles). Thus, difference arises in the number of tasks. [0221]
Accordingly, in the first 15 tasks, one mounting head and the  other
mounting head alternately mount the components. At that  time point,
although one mounting head has completed the 30 mounting of all components
at 120 points, the other mounting head  has mounted the components merely
at 60 points (=4 nozzles x15  tasks). Thus, in the remaining 15 tasks, one
mounting head stops,  -75 while the other mounting head solely operates and
mounts the  components. This reduces production efficiency. [0222] As such,
in the case where the number of provided pickup  nozzles is different for
each mounting head, when the mounting  



5 order for the components is determined in accordance with the method
described in Japanese Laid-Open Patent Publication No.  2004-186391
mentioned above, a problem of reduction in the  production efficiency
arises. [0223] Here, even when the number of pickup nozzles is the same  io
for each other, the above-mentioned unbalance in the number of  tasks can
arise in the case where interference occurs between the  components to' be
picked up caused by difference in the component  size so that the
components cannot physically be picked up in a  number equal to the number
of pickup nozzles. 15 [0224] Accordingly, for a component mounter in which
a plurality of  mounting heads alternately mount components onto one board,
an  object of the third component mounting order determining unit 308c  is
to determine optimal component mounting order in which a tact  loss in the
component mounting operation onto the board is  20 minimized, so that
production efficiency is improved. [0225] Further, for a component mounter
in which a plurality of  mounting heads alternately mount components onto
one board,  another object is to provide a method of determining optimal
component mounting order and thereby improving production 25 efficiency
even when the number of provided nozzles is different for  each mounting
head. [0226] The component mounter controlled by the third component
mounting order determining unit 308c is the component mounter  3100 shown
in FIG. 1. 30 [0227] The component mounter 3100 includes: two component
supply units 3115 each composed of an array of component  cassettes 3114
each accommodating a component tape; a line gang  -76 pickup head 3112
having a plurality of pickup nozzles (referred to  simply as "nozzles", in
some cases hereinafter) capable of picking up  electronic components from
the component cassettes 3114 and  mounting them onto a board 3020; a beam
3113 to which the line 



5 gang pickup head 3112 is attached; a component recognition  camera 3116
that inspects in a two-dimensional or  three-dimensional manner the pickup
state of components picked up  by the line gang pickup head 3112; and a
tray supply unit 3117 that  supplies a tray component. Here, the tray
supply unit 3117 and the 10 like are not provided in some cases depending
on the  sub-equipment. [0228] Here, the "component tape" indicates a tape
(carrier tape)  on which a plurality of components of the same component
type are  arranged. This tape is supplied in a state wound around a reel 15
(supply reel) or the like, and is used mainly for supplying  components
having a comparatively small size and referred to as  chip components, to a
component mounter. [0229] Specifically, the component mounter 3100 is a
mounter that  has both the function of a component mounter referred to as a
20 high-speed mounter and the function of a component mounter referred to
as a multifunctional mounter. The high-speed mounter  generally indicates
an apparatus that mounts electronic components  of 10 mm square or smaller
at a speed of 0.1 second each or the like  and that is characterized by
high productivity. The multifunctional 25 mounter indicates an apparatus
that mounts large-size electronic  components of 10 mm square or larger,
irregularly shaped  components such as switches and connectors, and IC
components  such as a QFP (Quad Flat Package) and a BGA (Ball Grid Array).
[0230] That is, the component mounter 3100 is designed to be 30 capable of
mounting almost all types of electronic components (the  range of
components to be mounted extends from a 0.4 mmxO.2  mm chip resistor to a
200 mm connector). Thus, when a necessary  -77 number of the component
mounters 3100 are merely arranged, a  mounting line can be constructed.
[0231] FIG. 47 is a plan view showing a major configuration of inside  of a
component mounter 3100 according to the present invention.  



5 The component mounter 3100 includes in the inside: sub-equipment arranged
in the board transportation direction  (X-axis direction); and
sub-equipment arranged in the forward and  backward directions (Y-axis
direction) of the component mounter  3100. In total, the component mounter
3100 includes four 10 sub-equipment 3110a, 3110b, 3120a and 3120b. The
sub-equipment (3110a/3110b and 3120a/3120b) arranged in the  X-axis
direction are mutually independeht, and hence can  simultaneously perform
mutually different mounting work. Further,  the sub-equipment (3110a/3120b
and 3120b/3120a) are also 15 mutually independently, and hence can
simultaneously perform  mutually different mounting work. On the other
hand, the  sub-equipment (3110a/3120a and 3110b/3120b) facing with each
other in the forward and backward directions (Y-axis direction)  cooperate
with each other so as to perform mounting work on one  20 board. [0232] As
for each sub-equipment 3110a, 3110b, 3120a and 3120b,  each sub-equipment
3110a, 3110b, 3120a and 3120b is provided  with a beam 3113, a line gang
pickup head 3112 and component  supply units 3115a to 3115d. Further, in
the component mounter 25 3100, a pair of rails 3121 for board 3020
transportation is provided  between the sub-equipment arranged in the
forward and backward  directions. [0233] Here, the component recognition
camera 3116, the tray  supply unit 3117 and the like are not essential
parts of the present  30 invention. Thus, description is omitted in the
figure. [0234] The beam 3113 is a rigid body extending in the X-axis
direction, and can move on a railway (not shown) provided in the  -78
Y-axis direction (perpendicular to the transportation direction for  the
board 3020), with maintaining the state of being parallel to the  X-axis
direction. Further, the beam 3113 allows the line gang  pickup head 3112
attached to the beam 3113 to move along the 



5 beam 3113, that is, in the X-axis direction. Thus, by virtue of the
movement of itself in the Y-axis direction and the X-axis directional
movement of the line gang pickup head 3112 that moves in the  Y-axis
direction in association with the above-mentioned movement,  the line gang
pickup head 3112 can move freely in the XY plane. io Further, a plurality
of motors such as motors (not shown) for driving  these are provided in the
beam 3113. Electric power to these  motors and the like is supplied via the
beam 3113. [0235] FIG. 48 is a schematic diagram showing positional
relation  between a line gang pickup head 3112 and a component cassette  15
3114. [0236] The line gang pickup head 3112 can be equipped with a
plurality of pickup nozzles 3112a to 3112b, and can pick up  electronic
components of a number equal to the number of pickup  nozzles at maximum in
an ideal case, from the individual component 20 cassettes 3114
simultaneously (by in one iteration of a lowering and  raising operation).
[0237] The line gang pickup head 3112 can move along the beam  3113. This
movement is driven by a motor (not shown). Further,  the lowering and
raising operation at the time of picking up and 25 holding the electronic
components and mounting the held electronic  components onto the board 3020
is also driven by a motor. [0238] FIGS. 49 and 50 is a diagram describing
component  mounting performed by a component mounter 3100. Here, in FIGS.
49 and 50, the only the left sub-equipment are illustrated. However, 30 the
right sub-equipment operate similarly so as to mount the  components. Thus,
they are omitted in FIGS. 49 and 50. [0239] As shown in FIG. 49, the line
gang pickup head 3112 of the  -79 sub-equipment 3120a alternately repeats
three kinds of operation  composed of "pickup" of the components from the
component  supply unit 3115c, "recognition" of the picked-up components by
using the component recognition camera 3116, and "mounting" of 



5 the recognized components onto the board 3020, and thereby  mounts the
components onto the board 3020. [0240] Here, the line gang pickup head 3112
of the sub-equipment  3110a similarly repeats alternately the three kinds
of operation  composed of "pickup", "recognition" and "mounting", and
thereby  io mounts the components onto the board 3020. [0241] Here, at the
time that the two line gang pickup heads 3112  simultaneously perform
"mounting" of the components, in order  that collision is avoided between
the line gang pickup heads 3112,  the two line gang pickup heads 3112
mounts the components onto 15 the board 3020 in the form of coordinated
operation. Specifically,  as shown in FIG. 50(a), when the line gang pickup
head 3112 of the  sub-equipment 3120a performs "mounting" operation, the
line gang  pickup head 3112 of the sub-equipment 3110a performs "pickup"
operation and "recognition" operation. In contrast, as shown in FIG. 20
50(b), when the line gang pickup head 3112 of the sub-equipment  3110a
performs "mounting" operation, the line gang pickup head  3112 of the
sub-equipment 3120a performs "pickup" operation and  "recognition"
operation. As such, when the two line gang pickup  heads 3112 perform
"mounting" operation alternately, collision can 25 be avoided between the
line gang pickup heads 3112. Here, in an  ideal case, during the time that
"mounting" operation is performed  by one line gang pickup head 3112, if
"pickup" operation and  "recognition" operation by the other line gang
pickup head 3112 are  completed, the "mounting" operation to be performed
by the other 30 line gang pickup head 3112 can be started without delay at
the time  that the "mounting" operation by one of the line gang pickup
heads  3112 has been completed. This improves production efficiency. -80
[0242] FIGS. 51 to 54 are diagrams respectively showing examples  of the
mounting point data 3307a, the component library 3307b, the  mounting
apparatus information 3307c and the  number-of-mounting-points information
3307d. 



5 [0243] The mounting point data 3307a is a group of the information  that
indicates the mounting points for all components to be mounted.  As shown
in FIG. 51, one mounting point pi includes a component  type ci, an
X-coordinate xi, a Y-coordinate yi and control data (pi.  Here, the
"component type" corresponds to the component name in io the component
library 3307b shown in FIG. 52. The "X-coordinate"  and the "Y-coordinate"
are the coordinates of the mounting point  (coordinates that indicate a
particular position on the board). The  "control data" is restriction
information concerning the mounting of  the component (such as the type of
a pickup nozzle the can be used 15 and the highest transportation speed of
the line gang pickup head  3112). Here, NC data to be obtained finally is a
sequence of  mounting points that minimizes the line tact. [0244] The
component library 3307b is a library generated by  collecting information
specific to each of all component types that  20 can be processed by the
component mounter 3100. As shown in FIG. 52, the component library 3307b
contains for each component  type: a component size; a tact (the tact
specific to the component  type under a particular condition); and other
restriction information  (such as the type of a pickup nozzle that can be
used, the 25 recognition method used by the component recognition camera
3116, and the maximum speed ratio of the line gang pickup head  3112).
Here, in the figure, external appearances of components of  various
component types are also shown for convenience. [0245] The mounting
apparatus information 3307c is information  30 that indicates the
apparatuses configuration, the above-mentioned  restriction, and the like
for all individual sub-equipment that make  up the production line. As
shown in FIG. 53, the mounting  -81  apparatus information 3307c includes:
head information concerning  the type of the line gang pickup head 3112,
that is, for example,  concerning the number of pickup nozzles provided in
the line gang  pickup head 3112; nozzle information, for example,
concerning the 



5 type of the pickup nozzles that can be attached to the line gang  pickup
head 3112; cassette information, for example, concerning  the maximum
number of component cassettes 3114; and tray  information, for example,
concerning the number of trays held in the  tray supply unit 3117. 10-
[0246] The number-of-mounting-points information 3307d is  provided for
each of the sub-equipment (3110a/3120a and  3110b/3120b) facing in the
forward and backward directions (in the  X-axis direction) in the component
mounter 3100 shown in FIG. 47.  In the following description, the
sub-equipment 3110a and 3120a 15 are referred to as the "left
sub-equipment", while the  sub-equipment 3110b and 3120b are referred to as
the "right  sub-equipment". [0247] The number-of-mounting-points
information 3307d is  provided for each of the left sub-equipment and the
right  20 sub-equipment. As shown in FIG. 54, the number-of-mounting-points
information 3307d is information in  which correspondence is established
between each component type  of the mounting point to be mounted onto the
board and its number  (the number of mounting points for the component).
For example, 25 as shown in the figure, the component types to be mounted
by the  left sub-equipment are five kinds of A, B, C, D and E, while the
numbers of mounting points for the components are 40, 20, 20, 5  and 15,
respectively. [0248] The operation of the third component mounting order
30 determining unit 308c is described below. FIG. 55 is a flow chart
showing processing of determining component mounting order  performed by
the third component mounting order determining unit  -82 308c. In the
following description, a determination method for  component mounting order
is describe for the case of the left  sub-equipment of the component
mounter 3100. However, when  similar processing is performed for the right
sub-equipment of the 



5 component mounter 3100, component mounting order is  determined. [0249]
The third component mounting order determining unit 308c  allocates the
components to be mounted onto one board 3020 to  either the line gang
pickup head 3112 (referred to as the "front io head", hereinafter) of the
sub-equipment 3120a or the line gang  pickup head 3112 (referred to as the
"rear head", hereinafter) of the  sub-equipment 3110a (S3110). That is, the
mounting order  determining unit 3305c determines whether the to-be-mounted
components should be mounted by the front head or by the rear 15 head.
Details of the allocation processing (S3110) is described  later. [0250]
Then, the third component mounting order determining unit  308c determines
tasks and task order in a state that the allocation  result of the
component allocation processing (S3110) is maintained 20 (S3111). Details
of the task determination processing (S3111) is  described later. [0251]
Finally, for each determined task, the third component  mounting order
determining unit 308c determines pickup order for  the components within
the task (S3112 to S3114). As for the 25 determination method for the
pickup order for the components in a  task, various techniques have been
proposed already. Further, the  method is not an essential part of the
present application. Thus,  description is not repeated here. [0252] First,
the component allocation processing (S3110 in FIG.  30 55) is described
below with reference to a practical example. FIG.  56 is a detailed flow
chart of the component allocation processing  (S3110 in FIG. 55). In this
example, as shown in FIG. 53, it is  83 assumed that the number of pickup
nozzles of the front head is eight  while the number of pickup nozzles of
the rear head is four. Further,  the component types of the components to
be mounted and their  numbers of mounting points are as shown in the  



5 number-of-mounting-points information 3307d in FIG. 54. [0253] First, in
accordance with the ratio of the total number of  mounting points per board
3020 relative to the number of pickup  nozzles, the third component
mounting order determining unit 308c  calculates the numbers of mounting
points for the components to be 1o mounted by the front head and the rear
head (53121). For  example, as shown in FIG. 57, when the total number 100
of  mounting points per board 3020 is disturbed in a ratio of 8 to 4, the
number of mounting points for the components to be mounted by  the front
head is obtained to be 66.66, while the number of 15 mounting points for
the components to be mounted by the rear head  is obtained to be 33.33.
These numbers of mounting points for the  components are ideal numbers of
mounting points for the  components. [0254] Then, the third component
mounting order determining unit  20 308c allocates the components to either
the front head or the rear  head for each component type so that the number
of mounting  points for the components is close to the number of components
calculated in the number-of-mounting-points calculation processing
(53121)(53122). 25 For example, as shown in FIG. 58, the component types A
to  E shown in the number-of-mounting-points information 3307d are
allocated so that the number of mounting points for the components  of the
front head is close to 66.66 while the number of mounting  points for the
components of the rear head is close to 33.33. That 3o is, as shown in the
number-of-mounting-points information 3307f,  when the component types to
be mounted by the front head are  adopted as three types of A, B and D, the
total value becomes 65  -84 which is close to 66.66. Further, as shown in
the  number-of-mounting-points information 3307g, when the  component types
to be mounted by the rear head are adopted as two  types of C and E, the
total value becomes 35 which is close to 33.33. 



5 [0255] Next, the task determination processing (53111 in FIG. 55)  is
described below with reference to a practical example. FIG. 59 is  a
detailed flow chart of the task determination processing (53111 in  FIG.
55). First, the third component mounting order determining  unit 308c
calculates the maximum number of iterations of pickup so io that "pickup"
and "recognition" of components by the line gang  pickup head 3112 of
interest can be completed within the time of  "mounting" performed by the
line gang pickup heads 3112 other  than the line gang pickup head 3112 of
interest (53131). [0256] That is, when the maximum number of iterations of
pickup of  15 the front head is to be acquired, the maximum number of
iterations  of pickup is calculated within the range that the following
Formula  (5) is satisfied. [0257] mounting time in rear head >- pickup time
in front head + recognition time in front head  20 ... (5) [0258] Here,
when it is assumed that the mounting time per  component in the rear head
is 0.2 second, the component pickup  time per iteration in the front head
is 0.2 second, the recognition  time for the component picked up by the
front head is 0.2 second, 25 and the maximum number of iterations of pickup
in the front head is  denoted by nf, Formula (5) can be rewritten into the
following  Formula (6). [0259] 0.2x4_>0.2xnf+0.2 ...(6) When the value of
the greatest of that satisfies Formula (2) is  30 calculated, of=3 is
obtained. Thus, the maximum number of  iterations of pickup in the front
head is obtained to be 3. [0260] Similarly, when the maximum number of
iterations of pickup  -85 in the rear head is to be acquired, the following
Formula (7) need be  satisfied. [0261] mounting time in front head pickup
time in rear head + recognition time in rear head  



5 ... (7) [0262] Here, when it is assumed that the mounting time per
component in the front head is 0.2 second, the component pickup  time per
iteration in the rear head is 0.2 second, the recognition  time for the
component picked up by the rear head is 0.2 second, 10 and the maximum
number of iterations of pickup in the rear head is  denoted by nr, Formula
(7) can be rewritten into the following  Formula (8). [0263]
0.2x8>_0.2xnr+0.2 ...(8) When the value of the greatest nr that satisfies
Formula (2) is  15 calculated, nr=7 is obtained. Thus, the maximum number
of  iterations of pickup in the rear head is obtained to be 7. [0264] That
is, component pickup by the front head per task may be  performed in three
iterations or less, while component pickup by the  rear head per task may
be performed in seven iterations or less. 20 [0265] Then, the third
component mounting order determining unit  308c generates tasks so that the
number of iterations of pickup in all  tasks of the line gang pickup head
3112 of interest is smaller than or  equal to the maximum number of
iterations of pickup, and then  determines task order (S3132). The third
component mounting 25 order determining unit 308c executes the
maximum-number-of-iterations-of-pickup calculation processing  (53131) and
the task generation processing (53132) for all line  gang pickup heads 3112
(loop B), and thereby determines the tasks  for the individual line gang
pickup heads 3112. 30 [0266] FIG. 60 is a diagram describing details of the
task generation  processing (53132 in FIG. 59) for the front head. As shown
in FIG.  60(a), the types of components assigned to the front head are
three  -86 kinds of A, B and D, while the numbers of components (the
numbers  of mounting points) are 40, 20 and 5, respectively. As shown in
FIG.  60(b), when the total number 65 of these components is divided by
the number 8 of pickup nozzles of the front head, 8 with a remainder 



5 of 1 is obtained. That is, when component mounting is to be  performed in
a state that components are fully loaded to the eight  pickup nozzles of
the front head, the mounting onto the board 3020  may be performed in a
state that components are fully picked up and  loaded in eight tasks while
one component is picked up in the  io remaining one task. [0267] Here, in
each of the nine tasks in total, in order that pickup  of the components is
reliably be achieved in three iterations or less,  which is the maximum
number of iterations of pickup of the front  head, processing referred to
as "component division" is performed. 15 The "component division" is
processing in which a component group  (one component tape) belonging to
one component type is divided  into a plurality of component tapes, and
then a plurality of  component tapes of the same kind are arranged in the
component  supply unit 3115c, so that a plurality of components of the same
20 component type are allowed to be picked up at once. [0268] FIG. 60(c)
shows a sequence of components in the  component supply unit 3115c obtained
as a result of component  division. The sequence position of a component is
identified by a  number referred to as a Z-number. Here, when each
component 25 type is grouped into eight components each so that component
division is performed so that the maximum number of iterations of  pickup
is 3 or less, a sequence of components shown in FIG. 60(c) is  determined.
[0269] When tasks and task order are to be acquired based on this  30
arrangement, tasks and task order are obtained as shown in FIG.  60(d).
That is, in the pickup order for the first eight tasks (task 1  through
task 8), components (components A, A, B and A) having  -87 Z-numbers of 1,
2, 3 and 4 may be picked up in the first pickup  operation. Then,
components (components A, A and B) having  Z-numbers of 1, 2 and 3 may be
picked up in the second pickup  operation. Then, a component (component B)
having a Z-number 



5 of 5 or a component (component D) having a Z-number of 6 may be  picked
up in the third pickup operation. According to this method,  components are
fully picked up and loaded to the pickup nozzles of  the front head by
three iterations of pickup. [0270] Further, in the last one task (task 9),
the component D  1o arranged at the remaining Z-number 6 is picked up. As
such, when  component division, tasks and task order are acquired as
described  above, it is ensured that all components are picked up by three
iterations of pickup which is the maximum number of iterations of  pickup.
15 [0271] FIG. 61 is a diagram describing details of the task generation
processing (S3132 in FIG. 59) for the rear head. The task  generating
method is similar to that for the front head shown in FIG.  60. As shown in
FIG. 61(a), the types of components assigned to  the rear head are two
kinds of C and E. while the numbers of 20 components (the numbers of
mounting points) are 20 and 15,  respectively. As shown in FIG. 61(b), when
the total number 35 of  these components is divided by the number 4 of
pickup nozzles of  the rear head, 8 with a remainder of 3 is obtained. That
is, when  component mounting is to be performed in a state that components
25 are fully loaded to the four pickup nozzles of the rear head, the
mounting onto the board 3020 may be performed in a state that  components
are fully picked up and loaded in eight tasks while three  components are
picked up in the remaining one task. [0272] Here, in each of the nine tasks
in total, the components may  3o be picked up in seven iterations or less,
which is the maximum  number of iterations of pickup of the rear head.
However, since the  rear head has merely four pickup nozzles, even when
components  -88 are picked up one by one, the components can necessarily be
picked  up within four iterations. Thus, processing referred to as
"component division" shown in FIG. 60(c) need not be performed.  [0273] As
a result, a sequence for the component supply unit 3115a 



5 is determined as shown in FIG. 61(c). Further, tasks and task order  are
obtained as shown in FIG. 61(d). That is, as the component  pickup order
for the first seven tasks (task 1 to task 7), when  components (components
C and E) having Z-numbers of 1 and 2 are  picked up in the first and the
second iterations of pickup, 1o components are fully picked up and loaded
to the pickup nozzles of  the rear head by two iterations of pickup. [0274]
Further, as the component pickup order for the next one task  (task 8),
when components (components C and E) having  Z-numbers of 1 and 2 are
picked up in the first iteration of pickup 15 and when a component
(component C) a having Z-number of 1 is  picked up in the second and the
third iterations of pickup,  components are fully picked up and loaded to
the pickup nozzles of  the rear head by three iterations of pickup. [0275]
Further, as the component pickup order of the last one task  20 (task 9),
when a component (component C) a having Z-number of 1  is picked up in the
first through the third iterations of pickup, the  remaining three
components are fully picked up and loaded to the  pickup nozzles of the
rear head by three iterations of pickup. [0276] As such, when tasks and
task order are acquired as described  25 above, it is ensured that all
components are picked up by seven  iterations or less of pickup, which is
the maximum number of  iterations of pickup. [0277] The numbers of
iterations of pickup of the individual tasks for  the front head and the
rear head obtained as described above are  30 shown in FIG. 62 in the form
of a time series. As such, in all tasks, the components can be picked up by
iterations of pickup of a number  smaller than or equal to the maximum
number of iterations of pickup.  -89 That is, at the time that the
"mounting" operation by one of the line  gang pickup heads 3112 has been
completed, the "mounting"  operation to be performed by the other line gang
pickup head 3112  can be started without delay. This improves production
efficiency. 



5 [0278] As described above, according to the processing performed  by the
third component mounting order determining unit 308c, the  number of
mounting points for the components are allocated based  on the ratio
between the numbers of pickup nozzles of the line gang  pickup heads. Thus,
the number of tasks can be almost equal for 1o the front head and for the
rear head. This avoids the situation that  one mounting head solely mounts
components while the other  mounting head stops. That is, the two mounting
heads can mount  components onto one board in a cooperated manner. This
improves  production efficiency. 15 [0279] Further, according to this
configuration, tasks are obtained  so that during the time that one
mounting head mounts components,  the other mounting head completes pickup
and recognition  operation for components. Thus, at the time that the one
line gang  pickup head 3112 completes the "mounting" operation, the other
20 line gang pickup head 3112 can start "mounting" operation without
delay. This improves production efficiency. [0280] The component mounting
order determination method  performed by the third component mounting order
determining unit  308c has been described above. However, the present
invention is  25 not limited to this method or the like. [0281] For
example, in the above-mentioned example, the  components to be picked up by
the pickup nozzles provided in each  line gang pickup head 3112 have been
assumed to be small  components having a small size. Thus, tasks have been
generated 30 on condition that the number of components to be picked up by
the  line gang pickup head 3112 is equal to the number of pickup nozzles.
However, in practice, components of various sizes are included.  -90 - ---
- ------ Thus, when large components are included, in some cases,
interference between the components can cause a situation that  components
of a number equal to the number of pickup nozzles  



provided in the line gang pickup head 3112 cannot be picked up. In 5 such
cases, the above-mentioned processing may be performed  based on the number
of components that can actually be picked up  by the line gang pickup head
3112, so that the tasks may be  generated. [0282] Further, in the
above-mentioned example, component  io mounting order have been determined
for the case of the line gang  pickup head 3112 provided with pickup
nozzles aligned in line as  shown in FIG. 48. However, the shape of the
mounting head is not  limited to this. For example, a rotary head may be
used in place of  the line gang pickup head 3112. 15 [0283] FIG. 63 is a
top view of a component mounter provided with  a rotary head. The component
mounter provided with a rotary head  includes: a base 3400; a
transportation path 3401 that is arranged  in the center part of the base
3400 and that transports and positions 20 the board 3020; a component
supply unit 3403 in which a plurality  of tape feeders 3402 are installed
in an aligned manner and which  supplies plural kinds of components; a
rotary head 3405 that  extracts components from the component supply unit
3403 and  transfers and loads them onto the board 3020; a recognizing
camera 25 3406 that recognizes, from the below, the components picked up by
the rotary head 3405; an XY robot 3407 that moves the rotary head  3405 in
the XY directions; a discarding tray 3408 to which  components are
discarded; and a nozzle station 3409 that holds  changeable pickup nozzles
for the rotary head 3405. 30 [0284] FIG. 64 is a perspective view of a
rotary head 3405. The rotary head 3405 has a first head unit 3405a and a
second head unit 3405b which are installed in parallel and have the  -91
same function. Since these head units are units having  approximately the
same function, the structure of the first head unit  3405a is solely
described below. 



[0285] The first head unit 3405a includes: a fixing base 3410; a  5
plurality (six in FIG. 64) of nozzle raising and lowering motors 3411
arranged on the fixing base 3410; a plurality of pickup nozzles 3412  that
pick up components by suction and hold them; a pickup unit  3413 that holds
the pickup nozzles 3412 in an attachable and  detachable manner; a
plurality of cam tubes 3414; and a B-motor io 3415 that causes the pickup
nozzles 3412 to rotate about an A-axis  or an A'-axis. [0286] In the first
head unit 3405a having the above-mentioned  structure, by virtue of
revolving operation of the B-motor 3415, the  plurality of pickup nozzles
3412 rotate about the A-axis in a state 15 that their relative positions
are maintained. Then, the pickup  nozzle 3412 having moved to the immediate
under of the nozzle  raising and lowering motor 3411 moves downward by
virtue of a  pressing force from the nozzle raising and lowering motor 3411
located in the immediate over. Further, when the angle of the 20 component
picked up by the pickup nozzle 3412 is to be corrected,  the pickup nozzle
3412 is rotated about the A'-axis by virtue of  revolving operation of the
B-motor 3415. [0287] Here, the above-mentioned descriptiori has been given
for  the case that the rotary head has a structure that plural sets of  25
pickup nozzles are provided and that the pickup nozzles of each set in the
same direction are rotated. However, the structure may be  so that the
pickup nozzles of each set in mutually different directions  are rotated.
That is, as shown in FIG. 65, the rotary head may has  a first head unit
3460a and a second head unit 3460b which are 30 installed in parallel and
have the same function. Then, each of the  first head unit 3460a and the
second head unit 3460b may include:  a unit outer frame 3461; a sub head
3462 attached to the unit outer  -92 frame 3461 in a manner that allows it
to revolve; a sub head rotary  motor 3463 that drives the rotation of the
sub head 3462; pickup  nozzles 3464 that pick up components and holding
them; a  



depression mechanism 3465 that lowers the pickup nozzle 3464 5 located at
the lower end position of the sub head 3462; and an  image pickup unit
3466. [0288] Here, as in the case of the rotary head shown in FIG. 65,
when an image pickup unit 3466 (component recognition camera) is  provided
between the pickup and the mounting of the component, 1o component
recognition is completed between the pickup and the  mounting of the
component. Thus, in such a case, the operation of  component recognition is
performed after the pickup nozzle picks up  the component by the time that
that the component is moved to the  mounting position. This provides a
feature that the component the 15 recognition time can be disregarded so
that the mounting time and  the pickup time can be regarded as mutually the
same. [0289] Accordingly, in the task determination processing (S3111 in
FIG. 55), in place of the approach that tasks are acquired so that  during
the time that one mounting head mounts components, the 20 other mounting
head completes pickup and recognition operation for  components, it is
preferable that the number of components to be  picked up in a particular
time interval is made equal for the rear  head and for the front head.
Here, the number of pickup nozzles is  assumed to be equal for the rear
head and for the front head. 25 [0290] FIG. 66 is a flow chart describing
details of task  determination processing (S3111 in FIG. 55) in a rotary
head.  [0291] The third component mounting order determining unit 308c
determines tasks and task order so that the number of iterations of  the
component pickup in each task is equal to the number of 30 iterations of
the component pickup of the other head (S3141). This  processing is
performed for all mounting heads. [0292] FIG. 67 is a diagram showing an
example of task order  -93 obtained in accordance with task determination
processing shown in  FIG. 66. As such, in each task, the number of
iterations of pickup is  equal for the front head and for the rear head.
Thus, during the  



time that one mounting head mounts components, the other 5 mounting head
can pick up components. This improves mounting  efficiency for the
components. [0293] Here, FIG. 68 is a diagram showing an example of an
undesirable task order. For example, in the task 2, the front head  picks
up four components, and then mounts them. However, at the io time of the
mounting of four components performed by the front  head, the rear head
need pick up eight components, and hence has  a problem that the necessary
time duration is longer than that of the  component mounting by the front
head. However, when the  number of tasks is made to be the.same as much as
possible in each  15 task as described above, such a problem is avoided.
[0294] This feature is obtained even in the case of the line gang  pickup
head 3112 provided with a component recognition camera.  That is, the
"recognition time in the front head" in the  above-mentioned Formula (1)
and the "recognition time in the rear  20 head" in Formula (3) can be
disregarded. [0295] Here, even in the case of a rotary head, when the
component  recognition camera is not installed, component recognition need
be  performed in a state that the rotary head is moved to a position  where
the component recognition camera is installed in the 25 component mounter,
during the time between the pickup and the  mounting of components.
However, even in this case, tasks and  task order are determined according
to a method similar to that  shown in FIG. 66 so that the number of
iterations of the component  pickup in each task is equal to the number of
iterations of the  30 component pickup of the other head. [0296] Further,
the above-mentioned example has been described  for the case that the
number of pickup nozzles is different for each  -94 of the two line gang
pickup heads 3112. However, the present  invention is not limited to the
case that the number of pickup nozzles  is different, and the number of
pickup nozzles may be the same.  



[0297] Further, in place of the configuration that the component 5 mounting
order determination processing is switched and executed  as in the
operating time reducing apparatus 300 in FIG. 2, the  component mounting
order determination processing performed by  the third component mounting
order determining unit 308c may  exclusively be executed. io [0298] FIG. 69
is an external appearance view showing an overall  configuration of a
mounting line 3010 having this configuration.  [0299] The mounting line
3010 is a production line in which  electronic components are mounted
during the time that the board  3020 is transported from the upstream
toward the downstream. 15 The mounting line 3010 includes: a component
mounter 3100; and  a mounting order determining apparatus 3300 that, at the
start of  production or the like, determines mounting conditions such as
the  number of beams to be used and mounting order for electronic
components based on various databases, and then downloads the 20 obtained
NC (Numeric Control) data to the component mounter  3100 so as to set up
and control it. [0300] FIG. 70 is a block diagram showing an exemplary
configuration of a mounting order determining apparatus 3300  according to
an embodiment of the present invention, that is, the 25 mounting order
determining apparatus 3300 shown in FIG. 69.  This mounting order
determining apparatus 3300 is a computer  apparatus that determines the
components to be mounted by each  sub-equipment and the mounting order for
the components in each  sub-equipment for all components provided from a
CAD apparatus 30 for component mounting or the like so that the line tact
in  component mounting of the target board (the greatest tact among  the
tact values of the individual sub-equipment making up the line)  -95 is
minimized under various restrictions caused by the specifications  or the
like of individual apparatuses making up the production line,  and thereby
generates optimal NC data. The mounting order  



determining apparatus 3300 includes an arithmetic control unit 5 3301, a
display unit 3302, an input unit 3303, a memory unit 3304,  an optimization
program storing unit 3305, a communication I/F  (interface) unit 3306 and a
database unit 3307. [0301] The mounting order determining apparatus 3300 is
implemented by a general-purpose computer system such as a  1o personal
computer that executes an optimization program according to the present
invention. In a state not connected to the  component mounter 3100, the
mounting order determining  apparatus 3300 serves also as a stand-alone
simulator (a tool for  component mounting order determination). Here,
mounting order 15 determining apparatus 3300 may be installed inside the
component  mounter. [0302] The arithmetic control unit 3301 is a CPU
(Central Processing  Unit), a numerical processor, or the like. In
accordance with an  instruction from the operator or the like, the
arithmetic control unit 20 3301 loads a necessary program from the
optimization program  storing unit 3305 to the memory unit 3304 and
executes it so as to  control the individual units 3302 to 3307 in
accordance with the  execution result. [0303] The display unit 3302 is a
CRT (Cathode-Ray Tube), an LCD  25 (Liquid Crystal Display) or the like,
while the input unit 3303 is a  keyboard, a mouse and the like. These units
are used for  interactive operation or the like between the mounting order
determining apparatus 3300 and an operator under the control of  the
arithmetic control unit 3301. 30 [0304] The communication I/F unit 3306 is
a LAN (Local Area  Network) adapter or the like, and is used for
communication and the  like between the mounting order determining
apparatus 3300 and  -96 the component mounter 3100. The memory unit 3304 is
a RAM  (Random Access Memory) or the like that provides a working area  for
the arithmetic control unit 3301. 



[0305] The database unit 3307 is a hard disk or the like that stores,  5
for example: input data (such as the mounting point data 3307a, the
component library 3307b, the mounting apparatus information  3307c and the
number-of-mounting-points information 3307d) used  for the mounting order
determination processing performed by the  mounting order determining
apparatus 3300; and mounting point 1o data generated by the mounting order
determination processing.  [0306] The optimization program storing unit
3305 is a hard disk  that stores various optimization programs that
implement the  function of this mounting order determining apparatus 3300.
The  optimization program is a program that determines a mounting 15 order
for the components, and is constructed from the mounting  order determining
unit 3305c and the like in terms of the function (in  the form of a
processing unit that expresses the function when  executed by the
arithmetic control unit 3301). [0307] Based on various kinds of data stored
in the database unit  20 3307, the mounting order determining unit 3305c
acquires  mounting order for the components so that the mounting time for
the components onto the board 3020 is minimized. That is, the  mounting
order determining unit 3305c executes processing similar  to that of the
third component mounting order determining unit  25 308c. [0308] [Fourth
Component Mounting Order Determining Unit 308d]  In the conventional art,
methods of determining component  mounting order for mounting components in
a short mounting time  have been proposed (see, for example, Japanese
Laid-Open Patent  30 Publication No. 2003-37396). Further, in recent years,
with progress of size reduction in  mounting boards and the like, component
mounters have been  -97 prepared in which two small boards are carried
simultaneously into  a component mounter, and then after components are
mounted onto  one board, components are mounted onto the other component.  



[0309] However, in the conventional component mounter, after the 5 board
had been carried into the component mounter and stopped,  component
mounting has been started. FIG. 71 is a diagram  schematically showing
conventional time course of board  transportation and component mounting.
In the conventional  component mounter, after the time (referred to as a
"board io carrying-in time", hereinafter) T necessary for board carrying-in
has  been elapsed, a mounting head sequentially performs pickup and
mounting operation of the components in each task. Thus,  component
mounting cannot be started until carrying in of the board  is completed.
This has caused a problem of reduction in the 15 production efficiency.
Here, the task indicates a component group  to be mounted in one iteration
of a repeated series of operation  composed of pickup and mounting of the
components performed by  the mounting head, or alternatively the one
iteration of series  operation. 20 [0310] Further, in the invention
described in Japanese Laid-Open  Patent Publication No. 2003-37396,
component mounting order is  determined with the assumption that only one
board is carried in.  Thus, if the invention described in Japanese
Laid-Open Patent  Publication No. 2003-37396 were applied to a component
mounter 25 of a type that two boards are carried in simultaneously, an
optional  sequence of components in a component supply unit could not
necessarily be obtained. This would cause the problem of an  increase in
the tact time in component mounting onto the board.  [0311] FIG. 72 is a
diagram describing the above-mentioned so problems. FIG. 72 schematically
shows an internal upper surface  of a component mounter. In the component
mounter 4100, two  boards 4120a and 4120b are carried in, while one
mounting head  -98 4110 picks up components from the component supply unit
4115  and mounts the components onto the boards 4120a and 4120b.  Here,
components of the same types are mounted onto the boards  



4120a and 4120b. Thus, for example, the components to be 5 mounted onto the
boards 4120a and 4120b are arranged on a part  (referred to as the
"component supply position", hereinafter) 4118  of the component supply
unit 4115. However, the mounting head  4110 operates so that after all
components onto the board 4120a  have been mounted, all components onto the
board 4120b are  io mounted. [0312] Accordingly, in the repetition of a
series of operation  composed of pickup and mounting of the components by
the  mounting head 4110 in the component mounting onto the board  4120a,
when the component supply position 4118 is determined so 15 that the
movement distance of the mounting head 4110 is reduced,  the movement
distance of the mounting head 4110 at the time of  component mounting onto
the board 4120a becomes small. Thus,  the tact time at the time of
component mounting onto the board  4120a becomes small. However, since the
distance between the 20 board 4120b and the component supply position 4118
is large, the  movement distance at the time of mounting the components
onto  the board 4120b becomes large. Thus, the tact time at the time of
component mounting onto the board 4120b becomes large.  Accordingly, the
tact time of component mounting onto the two 25 boards 4120a and 4120b
becomes large in total. This causes a  problem of reduction in the
production efficiency. [0313] Accordingly, an object of the fourth
component mounting  order determining unit 308d is to provide a component
mounting  order determination method in which production efficiency is  30
improved. [0314] The component mounter controlled by the fourth component
mounting order determining unit 308d is the component mounter  -99 4100
shown in FIG. 1. [0315] In FIG. 1, a part of the component mounter 4100 is
cut out  so that its inside is shown. The component mounter 4100 is an  



apparatus that can be incorporated into a mounting line and that 5 mounts
electronic components onto a board received from the  upstream and then
transfers to the downstream a circuit board  which is the mounting board
onto which the electronic components  have been mounted. The component
mounter 4100 includes: a  mounting head 4110 that picks up and transports
electronic io components and then mounts the electronic components onto the
board; an XY robot 4113 that moves the mounting head 4110 in the
horizontal plane directions; and a component supply unit 4115 that
supplies the components to the mounting head 4110. Here, in the  figure,
the component supply unit 4115 is shown in a state of being  15 covered.
[0316] Specifically, the component mounter 4100 is a mounter that  can
mount onto a board various kinds of electronic components  ranging from
micro components to connectors, and is a mounter  that can mount large-size
electronic components of 10 mm square 20 or larger, irregularly shaped
components such as switches and  connectors, and IC components such as a
QFP (Quad Flat Package)  and a BGA (Ball Grid Array). [0317] FIG. 73 is a
plan view showing a major configuration of inside  25 of a component
mounter 4100 according to the present invention.  The component mounter
4100 further includes: a nozzle station 4119 on which changeable nozzles
are placed that are  attached to the mounting head 4110 in an exchangeable
manner so  that components of various sizes may be handled; rails 4121 that
30 make up a railway for transporting two boards 4120a and 4120b; a
mounting table (not shown) onto which the transported boards  4120a and
4120b are placed and electronic components are  -100 mounted thereon; and a
component collecting apparatus 4123 that  collects a component when the
electronic component having been  picked up and held has a fault. 



[0318] Further, the component supply units 4115 are provided in the  5
front and rear parts of the component mounter 4100, and include:  component
supply units 4115a and 4115b that supply electronic  components held in the
form of a tape, and a component supply unit  4115c that supplies electronic
components held on a plate in which  the components are partitioned
depending on the size. 10 [0319] FIG. 74 is a schematic diagram showing the
positional  relation between the mounting head 4110 and the component
supply unit 4115a. [0320] The mounting head 4110 is provided with a
plurality of  pickup nozzles 4110a to 4110b. The mounting head 4110 moves
to  15 the above of the component supply unit 4115a. Then, after each
pickup nozzle is lowered and picks up an electronic component, the  entire
mounting head 4110 moves so as to transport the electronic  components to
the mounting position above the board 4120a or  4120b. Then, the pickup
nozzles of the mounting head 4110 are 20 lowered so as to mount the
electronic components onto the board  4120a or 4120b. [0321] On the other
hand, the component supply unit 4115a shown  in the figure includes: a
component tape 4116 that holds a plurality  of electronic components of the
same component type arranged on 25 a carrier tape; a supply reel 4117 that
holds the component tape  4116 in a state wound around; and a tape feeder
4114 that feeds the  component tape 4116 from the supply reel 4117 when
necessary  and that extracts the electronic components from the component
tape 4116. A plurality of these members is arranged in the Z-axis  30
direction. [0322] The relation between the mounting head 4110 and the
component supply unit 4115b is similar to the relation between the mounting
head 4110 and the component supply unit 4115a  described above. Thus,
detailed description is not repeated here.  [0323] FIG. 75 is a diagram
showing an example of task time  information 4307d. 



5 The task time information 4307d is information that indicates  the pickup
time and the mounting time for the components for each  task and that
contains a task number i, a pickup time ti and a  mounting time mi. The
task number i is a unique number imparted  to each task for identifying the
task. The pickup time ti indicates to the time necessary for picking up the
components included in the  task of task number i. The mounting time mi
indicates the time  necessary for mounting onto the board the components
included in  the task of task number i. [0324] FIG. 76 is a block diagram
showing a configuration of a  15 fourth component mounting order
determining unit 308d. The fourth component mounting order determining unit
308d  includes a task order determining unit 4305a, a component supply
position determining unit 4305b and a mounting order determining  unit
4305c. 20 [0325] FIG. 77 is a flow chart of processing of determining
component mounting order performed by the fourth component  mounting order
determining unit 308d. [0326] The component supply position determining
unit 4305b  determines the component supply position in the component
supply  25 unit 4115 for the components to be mounted onto the board 4120a
and the board 4120b (S4001). Details of the component supply  position
determination processing (S4001) are described later.  [0327] Then, the
task order determining unit 4305a determines the  task order at the time of
mounting the components onto the boards 30 4120a and 4120b (S4002). Details
of the task order determination  processing (S4002) are also described
later. [0328] Finally, based on the task order and the component supply
-102 position having been obtained, the mounting order determining unit
4305c optimizes the mounting order for the components so that the  tact
time is minimized, and determines the mounting order (54003).  As for the
component mounting order optimization processing 



5 (54003), various techniques have been proposed already. Further,  this
processing is not an essential part of the present application.  Thus,
description is not repeated here. [0329] FIG. 78 is a detailed flow chart
of the component supply  position determination processing (54001 in FIG.
77) performed by  10 the component supply position determining unit 4305b.
[0330] The component supply position determining unit 4305b  acquires the
stop positions of the two boards 4120a and 4120b in  the component mounter
4100 (54011). [0331] Then, for a board of interest among the boards 4120a
and  15 4120b, the component supply position determining unit 4305b
determines the component supply position in the component supply  unit 4115
for the components to be mounted onto the board (54012).  As for the
determination method for the component supply position,  for example, it is
determined so that the movement distance 20 necessary for the pickup of the
components is minimized when the  components are mounted onto the board of
interest. The  component supply position determining unit 4305b determines
the  component supply position for all boards 4120a and 4120b (loop A).
[0332] FIG. 79 is a diagram schematically showing component 25 supply
positions determined in accordance with a flow chart shown  in FIG. 78.
FIG. 79 schematically shows an internal upper surface  of a component
mounter 4100. [0333] As shown in FIG. 79, components are arranged at the
component supply position 4116a and the component supply  30 position 4116b
of the component supply unit 4115 that correspond to the board 4120a and
the board 4120b, respectively. That is, two  sets of components of the same
types are prepared and arranged at  -103 the component supply position
4116a and the component supply  position 4116b. [0334] FIG. 80 is a
detailed flow chart of task order determination  processing (S4002 in FIG.
77) executed by a task order determining  



5 unit 4305a. [0335] The task order determining unit 4305a calculates the
time  duration (that is, the board carrying-in time T) necessary from the
completion of component mounting onto boards in the component  mounter 4100
until two boards 4120a and 4120b onto which io mounting are to be performed
next are carried into the component  mounter 4100 and stop (S4021). Here,
this calculation processing  (S4021) performed by the task order
determining unit 4305a  corresponds to the board carrying-in time
calculating unit in the  claim. 15 [0336] Then, for all of the n tasks, the
task order determining unit  4305a calculates the pickup time ti (i=1 to n)
of the components  (S4022). The pickup time ti of the components is
obtained by  performing a simulation based on the sequence of the
components  arranged at the component supply position 4116a and the 20
component supply position 4116b. The obtained pickup time ti of  the
components is stored into the task time information 4307d.  [0337] The task
order determining unit 4305a compares the  maximum of the component pickup
time values ti of all tasks with  the board carrying-in time T (S4023).
When the board carrying-in 25 time T is greater than the maximum of the
component pickup time  values ti (YES in S4023), a task having the greatest
component  pickup time ti is adopted as the first task, and then the
component  pickup of the first task is started within the board carrying-in
time T  (S4024). 30 [0338] When the board carrying-in time T is smaller
than or equal to  the maximum of the component pickup time values ti (NO in
S4023),  the task order determining unit 4305a adopts as the first task an
-104 arbitrary task among the tasks having a component pickup time ti
greater than or equal to the board carrying-in time T. Then, the  component
pickup of the first task is started within the board  carrying-in time T
(54025). 



5 [0339] After the first task has been determined (54024, 54025), the  task
order determining unit 4305a determines task order of second  and
subsequent (54026). [0340] FIG. 81 is a diagram schematically showing time
course of  board transportation and component mounting in accordance with
io task order determined in the case where the board carrying-in time T is
greater than the maximum of component pickup time values ti  (YES in S4023
in FIG. 80). [0341] As shown in the figure, component pickup of the first
task is  started at the same time as carrying in of the boards. Thus, at
the  15 time point that the board carrying-in time T has been elapsed,
component pickup of the first task is completed. Accordingly,  mounting of
the first task can be started at the same time as the  completion of board
carrying-in. Further, in this example, although  no task has a component
pickup time ti exceeding the board 20 transportation time T, a task having
the greatest component pickup  time is selected as the first task. Thus,
the mounting waiting time  (T-t1) after the completion of the component
pickup in the first task  until the start of component mounting can be
minimized.  Accordingly, component mounting can be started at the same time
25 as the board carrying-in, and hence the tact time in component  mounting
onto the boards can be minimized. This improves  production efficiency for
the board. [0342] FIG. 82 is a diagram schematically showing time course of
board transportation and component mounting in accordance with  30 task
order determined in the case where the board carrying-in time T is smaller
than or equal to the maximum of component pickup time  values ti (NO in
54023 in FIG. 80). -105 [0343] Similarly to FIG. 81, component pickup of
the first task is  started at the same time as the carrying in of the
boards. However,  in the task sequence shown here, the first task is
selected, not so  that pickup of the task is started immediately after the
board 



5 carrying-in time T has been elapsed, but so that the mounting  waiting
time shown in FIG. 81 is zero. As such, components of the  first task are
picked up at the same time as the carrying in of the  boards, and further
the mounting waiting time does not arise. Thus,  the tact time in component
mounting onto the board can be io minimized. This improves production
efficiency for the board.  [0344] As described above, according to the
processing executed by  the fourth component mounting order determining
unit 308d,  components to be mounted are prepared for each board onto which
mounting is to be performed, and further arranges at the component 15
supply position in the component supply unit. Thus, even when the
components prepared for one board have run out, component  mounting can be
continued by using the components prepared for  the other board. Further,
during that the time, the operator can  charge the components. Thus, even
when the components have 20 run out during the mounting, the component
mounter need be  stopped. This improves production efficiency for the
boards.  [0345] Further, the component supply position of the components
prepared for each board is determined so that the movement  distance
necessary for pickup of the components is minimized. 25 Thus, the movement
distance of the mounting head in a series of  operation composed of pickup
and mounting by the mounting head  in component mounting operation for each
board is reduced, so that  production efficiency for the board is improved.
[0346] Further, component pickup of the first task is started before  30
the boards are carried into the component counter. Thus, the  mounting head
can operate in parallel to the board carrying-in.  This improves production
efficiency for the boards. -106 [0347] In particular, when the board
carrying-in time is greater than  the maximum of the component pickup time
values, a task having  the greatest component pickup time is adopted as the
first task.  According to this approach, the mounting waiting time after
the 



5 completion of the component pickup in the first task until the start of
component mounting can be minimized. Further, when the board  carrying-in
time is smaller than or equal to the maximum of the  component pickup time
values, a task having a component pickup  time greater than or equal to the
board carrying-in time is adopted io as the first task. According to this
approach, the above-mentioned  mounting waiting time can become zero. This
improves production  efficiency for the boards further. [0348] The
processing performed by the fourth component  mounting order determining
unit 308d has been described above.  15 However, the present invention is
not limited to the  above-mentioned processing. [0349] For example, in the
determination processing (S4012 in FIG.  78) for the component supply
position, the component supply  position has been determined so that the
movement distance 20 necessary for pickup of the components is minimized.
However, the  present invention is not limited to this. For example, the
component supply position may be determined so that the time  necessary for
pickup of the components is minimized. [0350] Further, the start of
carrying in of the boards and the start of  25 component pickup of the
first task need not be simultaneous. This  is because change work for the
pickup nozzles could arise before the  component pickup of the first task.
[0351] Here, the processing by the fourth component mounting  order
determining unit 308d has been described for the case that the  30 carrying
in of the board is performed simultaneously for the two boards. However,
the present invention is not limited to this. The  present invention is
obviously applicable also to a case that the  -107 board is carried in one
by one. [0352] Further, in place of the configuration that the component
mounting order determination processing is switched and executed  as in the
operating time reducing apparatus 300 in FIG. 2, the 



5 component mounting order determination processing performed by  the
fourth component mounting order determining unit 308d may  exclusively be
executed. [0353] FIG. 83 is an external appearance view of such a
configuration of a component mounting system. The component  io mounting
system 4010 is a system for mounting components onto a board, and includes
a component mounter 4100 and a component  mounting order determining
apparatus 4300. [0354] FIG. 84 is a block diagram showing a configuration
of a  component mounting order determining apparatus 4300 shown in  15 FIG.
83. The component mounting order determining apparatus 4300 is a computer
apparatus that determines a mounting order for  the components to be
mounted by the component mounter 4100 for  all components provided from a
CAD apparatus (not shown) for  component mounting or the like so that the
tact time in component 20 mounting of the target board is minimized under
various restrictions  caused by the specifications or the like of
individual apparatuses  making up the production line, and thereby
generates optimal NC  data. The component mounting order determining
apparatus 4300  includes an arithmetic control unit 4301, a display unit
4302, an 25 input unit 4303, a memory unit 4304, an optimization program
storing unit 4305, a communication I/F (interface) unit 4306 and a
database unit 4307. [0355] The component mounting order determining
apparatus 4300  is implemented by a general-purpose computer system such as
a  30 personal computer that executes a component mounting order
determination program according to the present invention. In a  state not
connected to the component mounter 4100, the  _108 component mounting order
determining apparatus 4300 serves also  as a stand-alone simulator (a tool
for component mounting order  optimization). [0356] The arithmetic control
unit 4301 is a CPU (Central Processing  



5 Unit), a numerical processor and the like. In response to an  instruction
from the operator or the like, the arithmetic control unit  4301 loads a
necessary program from the optimization program  storing unit 4305 to the
memory unit 4304, and executes it. Then,  in accordance with the execution
result, the arithmetic control unit  io 4301 controls individual units 4302
to 4307. [0357] The display unit 4302 is a CRT (Cathode-Ray Tube), an LCD
(Liquid Crystal Display) or the like, while the input unit 4303 is a
keyboard, a mouse and the like. These units are used for  interactive
operation or the like between the component mounting 15 order determining
apparatus 4300 and an operator under the control  of the arithmetic control
unit 4301. [0358] The communication I/F unit 4306 is a LAN (Local Area
Network) adapter or the like, and is used for communication and the  like
between the component mounting order determining apparatus 20 4300 and the
component mounter 4100. The memory unit 4304 is  a RAM (Random Access
Memory) or the like that provides a working  area for the arithmetic
control unit 4301. [0359] The database unit 4307 is a hard disk or the like
that stores,  for example: input data (such as the mounting point data
4307a, the  25 component library 4307b, the mounting apparatus information
4307c and the task time information 4307d) used for the component  mounting
order determination processing performed by the  component mounting order
determining apparatus 4300; and  mounting point data generated by the
optimization. 30 [0360] The optimization program storing unit 4305 is a
hard disk  that stores various optimization programs that implement the
function of the component mounting order determining apparatus  -109 4300.
The optimization program is constructed from a task order  determining unit
4305a, a component supply position determining  unit 4305b and a mounting
order determining unit 4305c in terms of  the function (in the form of a
processing unit that expresses the 



5 function when executed by the arithmetic control unit 4301). The
processing executed by these units is as described above. [0361] [Fifth
Component Mounting Order Determining Unit 308e]  In the conventional art,
component mounting methods have  been proposed in which a plurality of
components are picked up by io a head (a transfer body), and then the
plurality of components are  mounted onto a board (see, for example,
Japanese Laid-Open Patent  Publication No. 2003-31997). [0362] In the
component mounting method of Japanese Laid-Open  Patent Publication No.
2003-31997 described above, in order that a  15 plurality of components is
mounted at high density, the plurality of components are mounted
sequentially starting at the smallest one.  That is, the plurality of
components to be mounted onto one board  are arrange sequentially in the
ascending order of the height, and  then divided into three component
groups made up of a small 20 component group, a medium component group, and
a large  component group. Then, after the components belonging to the
small component group are mounted onto the board, the  components belonging
to the medium component group are  mounted onto the board. Then, finally,
the components belonging 25 to the large component group is mounted onto
the board. Further,  when the plurality of components belonging to any one
of the  component groups are to be mounted, the head picks up  components
of a number that can be picked up among the plurality  of components, then
transports them, and then mounts these 30 components onto the board. The
head repeats a series of such  operation composed of pickup, transportation
and mounting of a  plurality of components, and thereby mounts all
components  -110  belonging to the component group. At that time, after
picking up  and transporting a plurality of components, the head mounts the
plurality of picked-up components onto the board sequentially  starting
with one having the lowest height. 



5 [0363] However, the component mounting method of Japanese  Laid-Open
Patent Publication No. 2003-31997 described above has  the problem of an
increase in the time necessary for component  mounting. [0364] In general,
in order that occurrence of deviation or the like is  io avoided in a
component picked up by the head, the transportation  speed of the head is
restricted depending on the size or the weight  of the component picked up.
That is, the head is allowed to move  faster when the component picked up
is smaller (lighter), while the  head need move slower when the component
is larger (heavier). In 15 the component mounting method of Japanese
Laid-Open Patent  Publication No. 2003-31997 described above, the
components are  mounted sequentially starting with the smallest one. Thus,
the  head continues to pick up a larger component for a long time.
Accordingly, the transportation speed of the head is maintained at a 20
lower speed, and hence causes an increase in the time necessary for
component mounting. This reduces processing performance  (throughput) of
mounting the components onto the board per unit  time. [0365] Accordingly,
the fifth component mounting order  25 determining unit 308e has been
devised in view of this problem. Its  object is to provide a component
mounting method that reduces the  time necessary for component mounting and
thereby improves  throughput. [0366] The component mounter controlled by
the fifth component  30 mounting order determining unit 308e is the
component mounter  5100 shown in FIG. 1. [0367] The component mounter 5100
includes two sub-equipment  -il1 (a front sub-equipment 5110 and a rear
sub-equipment 5120) that  perform component mounting simultaneously and
independently.  Each sub-equipment 5110 (5120) is an orthogonal robotic
mounting  stage and includes component supply units 5115a and 5115b, a line



5 gang pickup head 5112 serving as holding unit, an XY robot 5113, a
component recognition camera 5116 and a tray supply unit 5117.  Each of the
component supply units 5115a and 5115b is composed  of an array of
component cassettes 5114 of a number of 48 at  maximum, each holding a
component tape. The line gang pickup 1o head 5112 is referred to as a
ten-nozzle head or simply as a head,  and has ten pickup nozzles (referred
to simply as "nozzles", in some  cases hereinafter) that can pick up ten
components at maximum  from the above-mentioned component cassette 5114 and
mount  them onto the board 5020. This line gang pickup head 5112 is 15
constructed as a holding unit that holds and transports a plurality of
components. In the following description, the line gang pickup  head 5112
is referred to simply as the head 5112. The XY robot  5113 moves the head
5112. The component recognition camera  5116 is used for inspecting in a
two-dimensional or 20 three-dimensional manner the pickup state of the
components  picked up by the head 5112. The tray supply unit 5117 supplies
tray components. Each sub-equipment executes component  mounting onto each
assigned board 5020 independently of the other  sub-equipment (in
parallel). 25 [0368] In practice, the "component tape" indicates a tape
(carrier  tape) on which a plurality of components of the same component
type are arranged. This tape is supplied in a state wound around a  reel
(supply reel) or the like, and is used mainly for supplying  components
having a comparatively small size and referred to as 30 chip components, to
a component mounter. Here, the component  supplied on a component tape is
referred to as a taping component.  [0369] Specifically, the component
mounter 5100 is a mounter that  -112 has both the function of a component
mounter referred to as a  high-speed mounter and the function of a
component mounter  referred to as a multifunctional mounter. The high-speed
mounter  generally indicates an apparatus that mounts electronic components



5 of 10 mm square or smaller at a speed of 0.1 second each or the like  and
that is characterized by high productivity. The multifunctional  mounter
indicates an apparatus that mounts large-size electronic  components of 10
mm square or larger, irregularly shaped  components such as switches and
connectors, and IC components 1o such as a QFP (Quad Flat Package) and a
BGA (Ball Grid Array).  [0370] That is, the component mounter 5100 is
designed to be  capable of mounting almost all types of electronic
components (the  range of components to be mounted extends from a 0.4
mmxO.2  mm chip resistor to a 200 mm connector). Thus, when a necessary 15
number of the component mounters 5100 are merely arranged, a  production
line can be constructed. [0371] FIG. 85 is a plan view showing a major
configuration of a  component mounter 5100 according to the present
invention. A shuttle conveyor 5118 is a transportation table (a  20
component transportation conveyer) for conveying a component  extracted
from a tray supply unit 5117, to a predetermined position  where a head
5112 can pick up it. A nozzle station 5119 is a table  on which changeable
nozzles corresponding to various component  sizes are placed. 25 [0372] two
component supply units 5115a and 5115b that make up  a sub-equipment 5110
(or 5120) are arranged respectively in the  right and left of a component
recognition camera 5116. Thus, after  picking up components at the
component supply unit 5115a or  5115b, the head 5112 passes the component
recognition camera 3o 5116 and then moves to the mounting points of the
board 5020 so as  to repeat the operation of mounting all picked-up
components  sequentially. The "mounting point" indicates a coordinate point
on  - 113  the board 5020 where a component should be mounted.  Components
of the same component type can be mounted at  mutually different mounting
points, in some cases. The total  number of components (mounting points)
arranged on each 



5 component tape corresponding to the same component type is equal  to the
number of components of that component type (the total  number of
components to be mounted). [0373] Here, one iteration (pickup,
transportation and mounting) of  the repeated series of operations composed
of pickup,  io transportation and mounting of the components performed by
the head 5112, or alternatively a component group to be mounted by  this
one iteration of operations is referred to as a "task". For  example, when
a ten-nozzle head is employed, the maximum  number of components mounted in
one task is 10. Here, the 15 "pickup" described here includes the entire
pickup operation from  the time that the head 5112 begins to pick up the
components until  the time that the head 5112 transports them. For example,
in  addition to the case that ten components are picked up in one
iteration of pickup (one iteration of a lowering and raising operation 20
of the head 5112), a case that ten components are picked up by  multiple
iterations of pickup is included in the definition. [0374] FIG. 86 is a
schematic diagram showing positional relation  between a head 5112 and a
component cassette 5114. The head  5112 is an operation head of a type
referred to as a "gang pickup 25 method", to which ten pickup nozzles 5112a
can be attached at  maximum. At that time, components can be picked up
simultaneously (in one iteration of a lowering and raising operation)  from
ten individual component cassettes 5114 at maximum. [0375] Here, in a
component cassette 5114 referred to as a "single  30 cassette", one
component tape is loaded, while in a component  cassette 5114 referred to
as a "double cassette", two component  tapes are loaded. Further, the
setting position of a component  -114 cassette 5114 (or a component tape)
in the component supply unit  5115a or 5115b is referred to as the "value
on the Z-axis" or the  "position (Z-number) on the Z-axis". As the
Z-numbers,  consecutive numbers are used in which the leftmost end of the 



5 component supply unit 5115a is assigned to "Z1". The "Z-axis"  indicates
a coordinate axis that identifies the arrangement position  (setting
position) of a component cassette 5114 set up in each  component mounter
(sub-equipment, in the case where  sub-equipment is included). lo [0376]
FIG. 87 is an external appearance view showing external  appearances of
components (electronic components) to be  mounted. Various kinds of chip
type electronic components 5423a to  5423d as shown in FIG. 87(a) to 87(d)
are held on the component  15 tape in a state that a plurality of them are
arranged successively at fixed intervals. Such a component tape is supplied
to the user in a  taping form in which the tape provided with a
predetermined  number of them is wound around a supply reel. [0377] The
features of operation of the component mounter 5100  20 are summarized as
follows. [0378] (1) Nozzle change When a nozzle necessary for the next
mounting operation is  present in the head 5112, the head 5112 moves to the
nozzle station  5119 and performs nozzle change. The types of nozzles are,
for 25 example, types S, M and L each corresponding to a component size
that can be picked up. [0379] (2) Component pickup The head 5112 moves
toward the component supply units  5115a and 5115b and picks up electronic
components. When ten  30 components cannot be picked up simultaneously at
once, plural iterations of lowering and raising operation for pickup are
performed  with moving the pickup position. Thus, ten components at  - 115
maximum can be picked up.  [0380] (3) Recognition scan The head 5112 moves
on the component recognition camera  5116 at a fixed speed, so that images
of all electronic components  



5 picked up by the head 5112 are acquired, so that pickup positions of  the
components are detected accurately. [0381] (4) Component mounting The
electronic components are sequentially mounted onto the  board 5020. to
[0382] When the above-mentioned operation (1) to (4) is repeated,  all
electronic components are mounted onto the board 5020. The  above-mentioned
operation (2) to (4) is basic operation in mounting  of the components by
the component mounter 5100, and hence  corresponds to a "task". That is,
ten electronic components at  15 maximum can be mounted onto a board by one
task. [0383] FIG. 88 is a diagram showing an example of a component
library 5307b held in the component mounter 5100. [0384] The component
library 5307b is stored in the memory of the  component mounter 5100, and
is a library generated by collecting  20 information specific to each of
all component types that can be  processed by the component mounter 5100.
[0385] The component library 5307b includes, for example, for each
component: a name field Al that indicates the name (component  name) of the
component; a size field A2 that indicates the size of the 25 component; a
recognition method field A3 that indicates a  recognition method for the
component to be performed by the  component recognition camera 5116; a
nozzle field A4 that indicates  the type of a nozzle that can be used for
the component; a tact field  A5 that indicates the tact specific to the
component under a fixed 30 condition; and a speed field A6 that indicates
the maximum speed  ratio for the head 5112 that picks up the component.
Here, the  component library 5307b may additionally include information
-116 concerning the color of the component, the shape of the component  or
the like. [0386] For example, in the name field Al, a component name
"0603CR", "3VOL" or the like is shown. Here, in the figure, external  



5 appearances of components of various component types are also shown for
convenience. Further, in the size field A2,  0.6(mm)x0.3(mm)x0.25(mm) is
shown as the size (vertical  length xhorizontal lengthxthickness) of the
component having the  component name "0603CR", while
4.8(mm)x4.0(mm)x3.0(mm) is io shown as the size of the component having the
component name  "3VOL". This indicates that the component having the
component  name "0603CR" is smaller than the component having the
component name "3VOL". In the recognition method field A3, a  reflective
method is shown as the recognition method for the 15 component having the
component name "0603CR" and the  component having the component name
"3VOL". Further, in the  nozzle field A4, type SX is shown as the nozzle
type for the  component having the component name "0603CR", while type M is
shown as the nozzle type for the component having the component 20 name
"3VOL". This indicates that a small nozzle is required for the  component
having the component name "0603CR" and that a  medium size nozzle is
required for the component having the  component name "3VOL". In the tact
field AS, 0.086 second is  shown as the tact of the component having the
component name 25 "0603CR", while 0.13 second is shown as the tact of the
component  having the component name "3VOL". This indicates that the
component having the component name "0603CR" can be mounted  more rapidly
than the component having the component name  "3VOL". Further, in the speed
field A6, "1" is shown as the 30 maximum speed ratio of the head 5112 that
picks up the component  having the component name "0603CR", while "2" is
shown as the  maximum speed ratio of the head 5112 that picks up the
component  -117 having the component name "3VOL". This maximum speed ratio
indicates the maximum speed, that is, the transportation speed limit,  for
the head 5112, while a smaller value indicates a higher  maximum speed
(transportation speed limit). That is, in a state 



5 that one component having the component name "0603CR" is picked  up, the
head 5112 is allowed to move faster than the case that the  component
having the component name "3VOL" is picked up. The  component library 5307b
has the above-mentioned speed field A6 as  speed information. io [0387] As
such, when the head 5112 picks up one component, the  transportation speed
of the head 5112 is restricted by the maximum  speed ratio corresponding to
the component. Further, when the  head 5112 picks up a plurality of
components, the transportation  speed of the head 5112 is restricted by the
greatest maximum speed 15 ratio among the maximum speed ratios
corresponding to the  individual components picked up. For example, when
the head  5112 picks up the component having the component name "0603CR"
and the component having the component name "3VOL", the  transportation
speed of the head 5112 is restricted to the maximum  20 speed ratio of 2.
[0388] That is, when the component having the component name  "0603CR" and
the component having the component name "3VOL"  are to be mounted onto the
board 5020 by one task, a condition that  minimizes the time duration of
picking up (holding) the component 25 having the component name "3VOL" and
having the greater  maximum speed ratio (the lower maximum speed) can
reduce the  time duration necessary for mounting these components. [0389]
Thus, in the component mounter 5100, when a plurality of  components are to
be picked up, with reference to the component  30 library 5307b, the head
5112 picks up the plurality of components sequentially starting with a
component having the smallest  maximum speed ratio. When the plurality of
components picked up  118 by the head 5112 are to be mounted, the plurality
of components are  mounted sequentially starting at a component having the
greatest  maximum speed ratio. That is, the component mounter 5100 is
provided with an order determining apparatus that determines 



5 handling order (pickup order and mounting order) for the  components so
that the time duration that the head 5112 picks up  (holds) components
having a lower maximum speed is reduced.  Here, the above-mentioned pickup
order indicates the order of  holding the plurality of components held by
the head 5112. io [0390] Here, when the head 5112 picks up a plurality of
components  by one task, the component mounter 5100 moves the head 5112 to
the pickup position for each component in the Z-axis direction on the
component supply unit 5115a and 5115b side at a transportation  speed
corresponding to the greatest maximum speed ratio of the 15 held
components. When the head 5112 has picked up all  components, the component
mounter 5100 moves the head 5112 to  the board 5020 side at a
transportation speed corresponding to the  above-mentioned greatest maximum
speed ratio. When the  plurality of components picked up by the head 5112
are to be 20 mounted respectively at the mounting points on the board 5020,
the  component mounter 5100 moves the head 5112 on the board 5020  at a
transportation speed corresponding to the above-mentioned  greatest maximum
speed ratio. [0391] FIG. 89 is an explanation diagram describing pickup
order  25 and mounting order for the components. As described above, with
reference to the component library  5307b, the component mounter 5100
determines pickup order  (holding order) and mounting order for the
components in one task.  [0392] For example, when the head 5112 handles
four components 30 p1, p2, p3 and p4 by one task, with reference to the
component  library 5307b, the component mounter 5100 identifies the maximum
speed ratios of the individual components p1, p2, p3 and p4. Here,  - 119
the component library 5307b shows, for example, the maximum  speed ratio
"1" of the component p1, the maximum speed ratio "2"  of the component p2,
the maximum speed ratio "3" of the  component p3 and the maximum speed
ratio "4" of the component 



5 p4. That is, the relation between the maximum speed ratios of the
above-mentioned components is "component plccomponent  p2<component
p3<component p4", while the relation between the  maximum speed values
(transportation speed limits) of the  above-mentioned components is
"component pl>component io p2>component p3>component p4". In other words,
the maximum  speed of the component p1 is the highest, the maximum speed of
the component p2 is the second highest, the maximum speed of the  component
p3 is the third highest, and the maximum speed of the  component p4 is the
lowest. Here, the reason why the relation of 15 the maximum speed ratio in
the component library 5307b is shown  as described above is that, for
example, the relation between the  sizes (or weights) of the components p1,
p2, p3 and p4 is shown as  "component pl<component p2<component
p3<component p4".  [0393] Then, using the identified maximum speed ratios,
the 20 component mounter 5100 determines pickup order for the four
components p1, p2, p3 and p4. At that time, the component  mounter 5100
determines the pickup order starting with a  component having the smallest
maximum speed ratio, that is, a  component having the highest maximum
speed. Specifically, since 25 the maximum speed ratio of the component p1
is the smallest, the  component mounter 5100 determines the pickup order
for the  component pl to be the first. Further, since the maximum speed
ratio of the component p2 is the next smallest to the component p1,  the
component mounter 5100 determines the pickup order for the 30 component p2
to be the second. Similarly, since the maximum  speed ratio of the
component p3 is the next smallest to the  component p2, the component
mounter 5100 determines the pickup  - 120  order for the component p3 to be
the third. Further, since the  maximum speed ratio of the component p4 is
the greatest, the  pickup order for the component p4 is determined to be
the fourth.  [0394] Further, using the maximum speed ratios identified as 



5 described above, the component mounter 5100 determines a  mounting order
for the four components pl, p2, p3 and p4. At that  time, the component
mounter 5100 determines the mounting order  starting with a component
having the greatest maximum speed ratio,  that is, a component having the
lowest maximum speed. io Specifically, since the maximum speed ratio of the
component p4 is  the greatest, the component mounter 5100 determines the
mounting order for the component p4 to be the first. Further, since  the
maximum speed ratio of the component p3 is the next greatest  to the
component p4, the component mounter 5100 determines the 15 mounting order
for the component p3 to be the second. Similarly,  since the maximum speed
ratio of the component p2 is the next  greatest to the component p3, the
component mounter 5100  determines the mounting order for the component p2
to be the third.  Further, since the maximum speed ratio of the component
p1 is the 20 lowest, the mounting order for the component p1 is determined
to  be the fourth. [0395] FIG. 90 is an explanation diagram describing a
situation that  a head 5112 picks up components. Based on the determined
pickup order, the component  25 mounter 5100 causes the individual nozzles
5112a of the head 5112  to pick up the components. [0396] First, the
component mounter 5100 moves the head 5112  shown in FIG. 90(a) to the
pickup position for the component p1 in  the Z-axis direction on the
component supply unit 5115a and 5115b 30 side at a very high speed. Then,
as shown in FIG. 90(b), the  component mounter 5100 causes any one of the
plurality of nozzles  5112a of the head 5112 to pick up the component p1
having the  - 121  pickup order of first. When the component pl has been
picked up,  the component mounter 5100 reduces the transportation speed of
the head 5112 shown in FIG. 90(b) into the maximum speed of the  component
p1, and then moves the head 5112 in the Z-axis direction 



5 to the pickup position for the component p2. Then, as shown in FIG.
90(c), the component mounter 5100 causes a not-yet-picking-up  nozzle 5112a
of the head 5112 to pick up the component p2 having  the pickup order of
second. When the component p2 has been  picked up, the component mounter
5100 reduces the transportation io speed of the head 5112 shown in FIG.
90(c) into the maximum speed  of the component p2, and then moves the head
5112 in the Z-axis  direction to the pickup position for the component p3.
Then, as  shown in FIG. 90(d), the component mounter 5100 causes a
not-yet-picking-up nozzle 5112a of the head 5112 to pick up the 15
component p3 having the pickup order of third. When the  component p3 has
been picked up, the component mounter 5100  reduces the transportation
speed of the head 5112 shown in FIG.  90(d) into the maximum speed of the
component p3, and then  moves the head 5112 in the Z-axis direction to the
pickup position 20 for the component p4. Then, as shown in FIG. 90(e), the
component mounter 5100 causes a not-yet-picking-up nozzle 5112a  of the
head 5112 to pick up the component p4 having the pickup  order of fourth.
[0397] When individual nozzles 5112a of the head 5112 pick up the  25
components p1, p2, p3 and p4 respectively, the component mounter  5100
moves the head 5112 to the board 5020. At that time, the  transportation
speed of the head 5112 is restricted by the maximum  speed ratio of the
component p4. [0398] FIG. 91 is an explanation diagram describing a
situation that  3o a head 5112 mounts components. When the head 5112 moves
to the board 5020, based on the  determined mounting order, the component
mounter 5100 mounts  -122 the components picked up by the nozzles 5112a of
the head 5112 at  the mounting points of the board 5020. [0399] First, the
component mounter 5100 moves the head 5112  shown in FIG. 91(a) to the
mounting point for the component p4 of  



5 the board 5020 at a very low speed. Then, the component mounter 5100
causes the nozzle 5112a of the head 5112 that picks up the  component p4 to
mount the component p4. As a result, as shown in  FIG. 91(b), the head 5112
goes into a state that only the  components pl, p2 and p3 are picked up.
When the component p4 io has been mounted, the component mounter 5100
increases the  transportation speed of the head 5112 shown in FIG. 91(b)
into the  maximum speed of the component p3, and then moves the head  5112
to the mounting point for the component p3 on the board 5020.  Then, the
component mounter 5100 causes the nozzle 5112a of the 15 head 5112 that
picks up the component p3 to mount the component  p3. As a result, as shown
in FIG. 91(c), the head 5112 goes into a  state that only the components pl
and p2 are picked up. When the  component p3 has been mounted, the
component mounter 5100  increases the transportation speed of the head 5112
shown in FIG. 20 91(c) into the maximum speed of the component p2, and then
moves the head 5112 to the mounting point for the component p2 on  the
board 5020. Then, the component mounter 5100 causes the  nozzle 5112a of
the head 5112 that picks up the component p2 to  mount the component p2. As
a result, as shown in FIG. 91(d), the 25 head 5112 goes into a state that
only the component pl is picked up.  When the component p2 has been
mounted, the component mounter  5100 increases the transportation speed of
the head 5112 shown in  FIG. 91(d) into the maximum speed of the component
pl, and then  moves the head 5112 to the mounting point for the component
pl on 30 the board 5020. Then, the component mounter 5100 causes the
nozzle 5112a of the head 5112 that picks up the component p1 to  mount the
component p1. As a result, as shown in FIG. 91(e), the  -123 head 5112 goes
into a state that no component is picked up. Then,  the component mounter
5100 moves the head 5112 to the  component supply unit 5115a and 5115b
side. [0400] FIG. 92 is a diagram showing the transportation speed of the  



5 head 5112. In the component mounter 5100, since the maximum speed  ratio
is set up to each component as described above, when each  component is to
be picked up by the head 5112, the head 5112 is  moved in the Z-axis
direction on the component supply unit 5115a io and 5115b side with
changing stepwise the speed of the head 5112.  [0401] For example, between
time tO and time t1, the component  mounter 5100 moves the head 5112 to the
pickup position for the  component pi in the Z-axis direction at a
transportation speed V4.  Then, when the head 5112 has picked up the
component pi at time 15 t1, the component mounter 5100 moves the head 5112
to the pickup  position for the component p2 in the Z-axis direction at a
transportation speed V3 lower than the transportation speed V4,  between
time t1 and time U. Then, when the head 5112 has picked  up the component
p2 at time t2, the component mounter 5100 20 moves the head 5112 to the
pickup position for the component p3 in  the Z-axis direction at a
transportation speed V2 yet lower than the  transportation speed V3,
between time t2 and time t3. Then, when  the head 5112 has picked up the
component p3 at time t3, the  component mounter 5100 moves the head 5112 to
the pickup 25 position for the component p4 in the Z-axis direction at a
transportation speed Vi yet lower than the transportation speed V2,
between time t3 and time t4. Then, the head 5112 picks up the  component p4
at time N. [0402] Here, when the component p4 has been picked up, the  30
component mounter 5100 moves the head 5112 to the mounting  point for the
component p4 on the board 5020 at a transportation  speed VO yet lower than
the transportation speed V1, between time  -124 t4 and t5. [0403] Then,
when the components picked up by the head 5112 are  to be mounted, the
component mounter 5100 moves the head 5112  on the board 5020 with changing
stepwise the speed of the head  



5 5112. [0404] For example, when the head 5112 has mounted the  component
p4 at time t5, the component mounter 5100 moves the  head 5112 to the
mounting point for the component p3 at a  transportation speed V1 higher
than the transportation speed VO, 10 between time t5 and time t6. Then,
when the head 5112 has  mounted the component p3 at time t6, the component
mounter  5100 moves the head 5112 to the mounting point for the component
p2 at a transportation speed V2 higher than the transportation  speed V1,
between time t6 and time t7. Then, when the head 5112 15 has mounted the
component p2 at time t7, the component mounter  5100 moves the head 5112 to
the mounting point for the component  pl at a transportation speed V3
higher than the transportation  speed V2, between time t7 and time t8.
Then, when the head 5112  has mounted the component p1 at time t8, the
component mounter 20 5100 moves the head 5112 to the component supply unit
5115a and  5115b side at a transportation speed V4 yet higher than the
transportation speed V3, between time t8 and time t9. [0405] For example,
in the case where the component mounter  5100 causes the head 5112 to pick
up the component p4 first and  25 mount the component p4 at last, the
component mounter 5100 need move the head 5112 at the transportation speed
VO for a long time  from the first pickup of the component p4 until the
mounting of the  component p4. In contrast, according to the present
embodiment,  the necessity of moving the head 5112 at the transportation
speed 30 VO for a long time is avoided, so that the head 5112 can be moved
faster. [0406] Here, the transportation speed of the head 5112 shown in
-125 FIG. 92 is a schematic example. FIG. 93 is a flow chart showing
operation that the component  mounter 5100 mounts components. [0407] First,
the component mounter 5100 identifies components to  



5 be mounted by one task (step S5100). Then, with reference to the
component library 5307b, the component mounter 5100 identifies  the maximum
speed (the maximum speed ratio) of the components  (step S5102). Then, the
component mounter 5100 determines  pickup order for the components
identified in step S5100 so that 1o pickup is performed sequentially
starting at a component having the  highest maximum speed (step S5104).
Then, the component  mounter 5100 determines a mounting order for the
components  identified in step S5100 so that mounting is performed
sequentially  starting at a component having the lowest maximum speed (step
15 S5106). [0408] Then, in accordance with the determined pickup order, the
component mounter 5100 causes the head 5112 to pick up the  components,
then moves it, and then causes it to mount the  components onto the board
5020 in accordance with the determined 20 mounting order (step S5108). As a
result, all components of one  task are mounted onto the board 5020. [0409]
As such, even in the case where the head 5112 is moved at  a speed not
exceeding the lowest maximum speed of the  components held by the head
5112, when the plurality of 25 components are handled by the head 5112 in
accordance with the  pickup order and the mounting order determined as
described above,  the time duration that a component having a low maximum
speed is  picked up by the holding unit is reduced, so that the
transportation  speed of the head 5112 can be increased. This reduces the
time 3o necessary for component mounting, and hence improves throughput.
Further, when the head 5112 is moved at a speed not exceeding the  lowest
maximum speed of the components picked up by the head  -126 5112, the
components are prevented from deviating or departing  from the head 5112,
so that the components can accurately be  mounted onto the board 5020.
[0410] In a situation that a large number of component mounters  



5 not having the function of nozzle change in accordance with various
components are distributed in the market recent years, the present
invention is remarkably effective. [0411] That is, in a component mounter
described above, nozzles  necessary for mounting of one board, that is,
nozzles corresponding  1o to various kinds of components, are attached to
the head in advance. For example, nozzles of type S, type M, type L and
type LL are  attached. Here, for the purpose of improving the throughput,
the  number of tasks need be reduced. Thus, all of these nozzles need  pick
up components. Accordingly, the head need pick up various 15 kinds of
components and mount these components onto the board  by one task. [0412]
In this situation, if mounting were performed sequentially  starting at the
smallest component as in the conventional art, the  transportation speed of
the head becomes low, so that throughput is 20 difficult to be improved.
However, according to the present  invention, pickup order and mounting
order are determined so that  the time duration that a component having a
low transportation  speed is reduced. This improves the transportation
speed of the  head, and hence improves throughput. Here, in the component
25 mounter not having the above-mentioned function of nozzle change,  the
nozzle station on which the changeable nozzles are placed can  be omitted.
This permits size reduction of the component mounter,  reduction of the
production space, and cost reduction. This is the  reason why a large
number of such component mounters are  3o distributed in the market. [0413]
The component mounting method in which the component  mounter 5100 mounts
the components have been described above  127 with reference to
embodiments. However, the present invention is  not limited to these.
[0414] For example, in the above-mentioned example, the  component mounter
5100 has included the order determining  



5 apparatus, and has determined the pickup order and the mounting order for
the components. However, the fifth component mounting  order determining
unit 308e may include the order determining  apparatus and determine the
order. In this case, the component  mounter 5100 acquires the pickup order
and the mounting order for io the components determined by the fifth
component mounting order  determining unit 308e, and then handles the
plurality of components  in accordance with the pickup order and the
mounting order having  been acquired, so as to perform component mounting
onto the  board 5020. Further, in the present embodiment, the component 15
mounter 5100 has held the component library 5307b. However, the  fifth
component mounting order determining unit 308e may hold it.  Here, the
above-mentioned order determining apparatus includes: a  speed identifying
unit that identifies the maximum speed ratio  (maximum speed) of the head
5112; and a determination unit that 20 determines handling order for the
components so that the time  duration that a components having a great
maximum speed ratio is  picked up by the head 5112 is reduced. [0415]
Further, in the above-mentioned example, the component  mounter 5100 has
determined the mounting order for the  25 components after having
determined the pickup order for the components. However, the mounting order
may be determined  first, and then the pickup order may be determined.
Further, in the  above-mentioned example, after having determined the
pickup  order and the mounting order for the components, the component 30
mounter 5100 has caused the head 5112 to pick up the components  and mount
them onto the board 5020. However, the timing of  determination of mounting
order is arbitrary as long as it is before  -128 the mounting of
components. For example, mounting order may be  determined after the
components are picked up by the head 5112.  [0416] Further, in the
above-mentioned example, in order that each  component is picked up by the
head 5112, the component mounter 



5 5100 has moved the head 5112 to the pickup position for each  component.
However, a plurality of components may  simultaneously be picked up by the
head 5112 without moving of the  head 5112. For example, in the
above-mentioned case that the  pickup position for the component p1 is
located adjacent to the io pickup position for the component p2, the head
5112 picks up the  components pl and p2 simultaneously with two nozzles
5112a  without moving. Similarly, in the above-mentioned example, in  order
that each component is mounted onto the board 5020, the  component mounter
5100 has moved the head 5112 to the mounting 15 position for each
component. However, a plurality of components  picked up by the head 5112
may simultaneously be mounted without  moving of the head 5112. For
example, in the above-mentioned  case that the mounting position for the
component p1 is located  adjacent to the mounting position for the
component p2, the head 20 5112 mounts the components pl and p2
simultaneously with two  nozzles 5112a without moving. [0417] Further, in
the above-mentioned example, the component  library 5307b has shown the
maximum speed ratio. However, the  maximum speed may be shown. Further, the
component mounter 25 5100 may specify the maximum speed ratio (maximum
speed) of  each component based on the component size, the tact or the like
shown in the component library 5307b. The reason why the  maximum speed can
be identify from the component size is that  particular relation holds in
general between the component size and 30 the maximum speed. That is, such
relation holds that when the  component size is large, the maximum speed
need be low, while  when the component size is small, the maximum speed may
be high.  -129 Thus, with reference to the component size of the component
library  5307b, the component mounter 5100 specifies the maximum speed  to
each component so that the transportation speed of the head  5112 is
restricted for a component having a larger component size. 



5 In this case, the speed field A6 of the component library 5307b can  be
omitted. This suppresses the amount of information. Here, the  maximum
speed ratio (maximum speed) of each component may be  specified from the
thickness solely in the component size. Further,  when the component
library 5307b shows the weight of each io component, the component mounter
5100 may specify the  maximum speed from the weight. The reason why the
maximum  speed can be specified from the component size is the same as the
above-mentioned case, and is that particular relation holds between  the
component weight and the maximum speed. 15 [0418] Further, in the
above-mentioned example, the transportation  speed of the head 5112 has
been changed based on the maximum  speed ratio (maximum speed) shown in the
component library  5307b. However, the acceleration of the head 5112 may be
changed. Alternatively, the transportation speed and the 20 acceleration
may be changed. Further, the component mounter  5100 may determine the
pickup order and the mounting order based  on the acceleration similarly to
the case of the maximum speed ratio  of the head 5112. In such a case, the
present invention has an  effect similar to the above-mentioned one. In
general, in a 25 component mounter, the head is moved approximately at the
same  maximum speed regardless of the type of a picked-up component,  while
the (maximum) acceleration of the head is solely changed  depending on the
property (such as the size and the weight) of the  component. This
acceleration includes positive acceleration and 3o negative acceleration,
and hence indicates  acceleration/deceleration. For example, when the head
picks up  small components only, the absolute value of the acceleration of
the  -130 head is set up to be great. When the head picks up a large
component, the absolute value of the acceleration of the head is set  up to
be small. Thus, accordingly, also in the present invention, it  is
practical that the acceleration is changed. Thus, the maximum 



5 speed in the above-mentioned embodiment may be replaced by the  maximum
acceleration, while the transportation speed (speed) may  be replaced by
the acceleration. [0419] Further, in the above-mentioned example, pickup
order and  mounting order for the components has been determined first, and
io then the head 5112 has been controlled in accordance with the order.
However, any one of the pickup order and the mounting order may  be
determined, and then the head 5112 may be controlled in  accordance with
the determined order. [0420] Further, in the above-mentioned example, the
head 5112 has  15 only performed parallel displacement without rotation.
However,  the head 5112 may be rotated. Further, the rotation speed of the
head 5112 may be controlled based on the maximum speed ratio in  the
component library 5307b similarly to the transportation speed.  Then, the
rotation speed of the head 5112 may be increased, so that  20 throughput
can be improved further. [0421] Further, in place of the configuration that
the component  mounting order determination processing is switched and
executed  as in the operating time reducing apparatus 300 in FIG. 2, the
component mounting order determination processing performed by 25 the order
determining apparatus for the component mounter 5100  or the fifth
component mounting order determining unit 308e may  exclusively be
executed. [0422] FIG. 94 is an external appearance view showing an overall
configuration of a component mounting system 5010 having this  30
configuration. The component mounting system 5010 includes: a plurality of
component mounters 5100 and 5200 that make up a  production line in which
electronic components (components) are  -131 mounted during the time that a
circuit board (board) 20 is  transferred from the upstream to the
downstream; and a  management apparatus 5300 that manages the component
mounters 5100 and 5200. Here, the component mounters 5100  



5 and 5200 have mutually the same configuration. [0423] [Sixth Component
Mounting Order Determining Unit 308f]  With progress of function
improvement and size reduction in  electronic apparatuses such as a
personal computer and a portable  phone, high-density component mounting is
required in the circuit 10 board (referred to simply as a "board",
hereinafter) built in the  electronic apparatus. Thus, a component mounter
for fabricating  such a board is desired to have a function corresponding
to  extremely close adjacency mounting (this indicates that  components are
mounted at extremely close positions with each  15 other on a board).
[0424] FIG. 95 is a diagram describing extremely close adjacency  mounting.
This figure shows interference that could be generated  when a component
6003 is mounted onto a board 6004 and then a  new component 6002 (the
component 6002 picked up by the pickup 20 nozzle 6001 of the component
mounter, in this example) is mounted  at a position immediately close to
the component 6003. The  component 6002 has a lower height (a smaller
component  thickness) than the component 6003, and further need be mounted
at a position extremely close to the component 6003. This causes 25
interference that the pickup nozzle 6001 collides with the  component 6003
and hence the component 6002 cannot be mounted  onto the board 6004. Here,
in addition to such collision between  the pickup nozzle (or the mounting
head of the component mounter)  and a component, interference also includes
collision between a 30 component and another component (for example,
collision between  a component picked up by the pickup nozzle and a
component  mounted on the board). -132 [0425] Conventionally, in order that
such extremely close adjacency  mounting is processed, various component
mounting methods have  been proposed (see, for example, Japanese Laid-Open
Patent  Publication No. 2003-37396 (FIGS. 11 to 13 and the like)). In the 



5 technique disclosed in Japanese Laid-Open Patent Publication No.
2003-37396, all components to be mounted are divided into groups  depending
on the height of the component, and then components  belonging to a group
of a low height are mounted first. As such,  interference is avoided in
extremely close adjacency mounting. io [0426] However, in the conventional
art described above, in a  component mounter of modular type, for the
purpose of tact  reduction, processing is performed that individual
mounting points  are divided into tasks and then task order and mounting
order for  the components in each task are determined. At that time, 15
interference has not been taken into consideration. Further, on the
contrary, in the case where mounting order for the components is
determined with taking interference into consideration, no attention  has
been paid on the process that the tact is to be minimized under  the
condition that interference is taken into consideration. 20 [0427] Further,
in the conventional art described above, the fact  that the mounting head
of the component mounter performs arch  motion operation has not been taken
into consideration. This has  caused a problem that the method is
insufficient for avoiding  interference in extremely close adjacency
mounting. Here, the 25 arch motion operation indicates the operation that
the mounting  head of the component mounter performs lowering and raising
operation and XY operation (movement in a plane parallel to the  board) in
parallel. For example, this operation is that as shown in  FIG. 96(a),
after the mounting head has completed the mounting of so a particular
component onto the board, the mounting head moves  with an arch-shaped
locus at the time of next component mounting.  By virtue of such arch
motion operation, the transportation time of  -133 the mounting head is
reduced in comparison with ordinary operation  (non-arch motion operation)
shown in FIG. 96(b). This reduces the  mounting time. [0428] FIG. 97 is a
diagram describing interference caused by arch  



5 motion operation. This figure shows a situation that the component  6005
picked up by the pickup nozzle 6001 is lowered from an oblique  direction
by arch motion operation and hence interference arises so  that the
component 6005 collides with the component 6006 already  mounted on the
board 6004. Such interference does not occur in io the case of mounting
without arch motion operation, and hence is  interference specific to arch
motion operation. In the conventional  art described above, interference at
the time that the mounting  head of the component mounter mounts the
components has not  been taken into consideration. Thus, problems have
arise that the 15 interference degrades the quality and that an operation
loss at the  time of component mounting is caused because arch motion
operation cannot be performed. [0429] Another problem is that since
interference caused by arch  motion operation is not taken into
consideration, mounting with arch  20 motion operation cannot be performed
so that fine pitch mounting  cannot be achieved. [0430] Accordingly, an
object of the sixth component mounting  order determining unit 308f is to
provide a component mounting  order determination method in which an
operation loss seldom  25 occurs at the time of component mounting. [0431]
Another object is to provide a component mounting order  determination
method suitable for fine pitch and high density  mounting in which
interference between components caused by the  arch motion operation or the
like of the mounting head is taken into  30 consideration. [0432] The
component mounter controlled by the sixth component  mounting order
determining unit 308f is the component mounter  -134 6100 shown in FIG. 1.
[0433] The component mounter 6100 is an apparatus that  determines a
mounting order for the components and mounts the  components onto the board
in accordance with the determined order. 



5 The component mounter 6100 includes: a component housing unit  6115 that
holds the components; a mounting head 6110 that picks  up the components
from the component housing unit 6115, then  moves to the mounting point of
the board with performing arch  motion operation or the like, and then
mounts the components; and io an XY robot 6113 that is a stage for
XY-driving the mounting head  6110 (moving it in a plane parallel to the
ground surface). [0434] Here, the mounting head 6110 is, for example, a
modular  type mounting head, and is provided with ten pickup nozzles that
can be raised and lowered. Thus, the mounting head 6110 can pick 15 up and
mount ten components at maximum onto the board. Further,  for example, the
pickup nozzles can be attached to and removed  from the mounting head 6110.
Further, in the mounting head 6110,  prior to the pickup of the components,
the pickup nozzles can  automatically be changed in correspondence to the
size, the weight  20 and the like of the components to be mounted. [0435]
FIG. 98 is a diagram showing an internal structure of the  component
mounter 6100 shown in FIG. 1. This figure shows: a  situation that
component cassettes 6115a each accommodating a  component tape (taping
components) are arranged in line (the 25 direction of arrangement of the
component cassettes are referred to  as the Z-axis, hereinafter) in the
inside of the component housing  unit 6115; and a transportation unit 6121
that transports a board  6122. At the time of mounting of the components,
the mounting  head 6110 picks up ten components simultaneously or
sequentially 30 from each of a plurality of component tapes held in the
component  cassettes 6115a, for example, by the lowering and raising
operation  of the ten pickup nozzles. Then, the mounting head 6110 is moved
-135 by the XY robot 6113 to the position where the board 6122 is placed.
Then, the mounting head 6110 mounts the components at ten  mounting points
on the board 6122 sequentially by arch motion  operation or the like. This
series of operation is repeated until all 



5 components are mounted onto the board 6122. Here, a component  group to
be mounted in one iteration (one cycle) of a repeated series  (cycles) of
operations composed of pickup of the components,  transportation to the
mounting board, and mounting of the  components onto the mounting board
performed by the mounting  to head 6110 as shown in FIG. 99 is defined as a
task. [0436] As shown in FIG. 100, the sixth component mounting order
determining unit 308f is a program, a CPU and the like that, based  on the
mounting point data 6241, the component data 6242 and the  like held in the
database unit 307, determines optimal component 15 mounting order in which
arch motion operation of the mounting  head 6110 is taken into
consideration, and that store the  determination result as mounting order
data 6243 into the database  unit 307. The sixth component mounting order
determining unit  308f includes a mount order determining unit 6251, a task
order 20 determining unit 6252 and a pickup order determining unit 6253.
[0437] FIG. 101 is a flow chart showing basic operation of the sixth
component mounting order determining unit 308f and the  component mounter
6100. As shown in the flow chart in the  left-hand part of the figure, the
sixth component mounting order 25 determining unit 308f determines a
mounting order for all  components to be mounted (S6100), and then mounts
the  components in accordance with the determined mounting order  (S6101).
In the determination of mounting order (S6100), as  shown in the flow chart
in the right-hand part of the figure, first, the 30 mount order determining
unit 6251 determines a mounting order for  all components for each
component group made up of one or more  components corresponding to the
mounting points so that  -136 interference caused by arch motion operation
or the like of the  mounting head 6110 is taken into consideration (S6110).
After  that, the task order determining unit 6252 determines tasks and
task order in a state that the mounting order determined by the 



5 mount order determining unit 6251 is maintained (S6111). Finally,  the
pickup order determining unit 6253 determines pickup order for  the
components within the task for each task determined in the task  order
determining unit 6252 (S6112 to S6114). As such, mounting  order for all
components is determined first so that interference io caused by arch
motion operation or the like is taken into  consideration. Then, tasks and
pickup order are determined in a  state that the mounting order is
maintained, and then the result is  adopted as the mounting order for the
components. This permits  fine pitch mounting of the components by using
arch motion  15 operation of the mounting head 6110. [0438] FIG. 102 is a
flow chart showing the determination of  mounting order in FIG. 101
(S6110), that is, showing a detailed  procedure of determining mounting
order for all components so that  interference between the mounting head
6110 and a component and 20 between the components at the time of mounting
of the components  is taken into consideration. [0439] First, the mount
order determining unit 6251 generates a  three-dimensional map of all
components already mounted on the  board 6122 at that time (S6120). Here,
as shown in FIG. 103, the 25 three-dimensional map is data that expresses
three-dimensional  space indicating the positions and the types of the
components  mounted on the board 6122. This map is generated, for example,
by acquiring information from a component mounter in the  upstream or a
host computer via the communication I/F unit 6260. 30 [0440] Then, with
reference to the three-dimensional map  generated at the above-mentioned
step S6120, the component data  6242 and the like, for the board 6122 in
the mounting state at that  137 time, the mount order determining unit 6251
identifies all  components that do not interfere with other components and
do not  have a restriction concerning the mounting order (may be mounted
in arbitrary order), from the components registered in the mounting 



5 point data 6241, and then stores them as the first group (56121).
Specifically, starting at a component having the lowest height, check  is
sequentially performed that other components (a. part of a  component is
also included) are not present within a space (this  space is referred to
as the interference area, hereinafter) through 1o which the component and
the pickup nozzle pass at the time that the  component is mounted onto the
board 6122 by arch motion  operation. Here, when other components are
present in the  interference area (at least a part of a component is
present),  processing is performed that these other components are not 15
included into this first group (included into a later group). More
specifically, a hypothetical three-dimensional map is assumed for a
component to be mounted onto the board 6122 in the subsequent  processing
among the not-yet-mounted components. Then,  not-yet-mounted components
that would interfere with that 20 component on the three-dimensional map at
the time of component  mounting are not included into the first group. This
processing is  performed on all not-yet-mounted components, so that
components  not interfering with any other not-yet-mounted components are
acquired and adopted as the first group. 25 [0441] For example, as for the
case of the interference area shown  in FIG. 104 (here, the interference
area which is a  three-dimensional space is expressed in a two-dimensional
manner),  when the components 6130a to 6130d to be mounted onto the board
6122 are checked, the component 6130a, the component 6130b, 30 and the
component 6130d do not have other components present in  the individual
interference areas. However, the component 6130d  is present in the
interference area of the component 6130c (a part of  138 the component d is
present). Thus, it is judged that the component  6130d should be removed
from that group (included into a  later-mounted group), so that only the
components 6130a to 6130c  are stored as the group. Here, the interference
area is an 



5 interference space obtained, for example, with assuming that a  component
is lowered to the mounting point on the board from  entire directions
(entire directions around the mounting point) at a  predetermined angle
(for example, from the above obliquely at 45  degrees relative to the
board) by arch motion operation. Thus, this io space is a space surrounded
by a surface rising obliquely upward at  the above-mentioned angle from the
outline of the component  mounted onto the board. [0442] As such, when one
group has been determined, the mount  order determining unit 6251 then
performs similar procedure  15 (S6120 and S6121) again for the remaining
components except for the components having been determined as the group,
so as to  determine the next group. This processing of grouping is
performed on all components (S6120 to S6122). That is, like in an
encampment game, the three-dimensional map is updated with 20 assuming that
the components determined as the group are  mounted onto the board (S6120),
and then a similar encampment  game is performed on the remaining
components based on the  updated three-dimensional map (S6121). This
processing is  repeated until no component remains (S6122). The groups 25
generated sequentially are designated by group numbers such as No.  1, 2,
.... [0443] FIG. 105 is a diagram showing these groups determined by  the
mount order determining unit 6251. This figure shows that the  components
corresponding to the mounting points P0003, ..., P0048 3o belong to Group
1, the components corresponding to the mounting  points P0001, ..., P0041
belong to Group 2, the components  corresponding to the mounting points
P0005, ..., P0044 belong to  -139 Group 3, and the components corresponding
to the mounting points  P0002, ..., P0031 belong to Group 4. That is, as
long as mounting is  performed in the order of these group numbers, even
when the  mounting employs arch motion operation of the mounting head 6110,



5 it is ensured that interference between a components and another
component or between a component and the mounting head 6110  does not
arise. Further, it is recognized that the components  belonging to the same
group have no restriction with each other in  the mounting order. io [0444]
FIG. 106 is a flow chart showing the determination (S6111)  of tasks and
task order in FIG. 101, that is, showing a detailed  procedure of
determining tasks and task order in a state that the  mounting order
determined by the mount order determining unit  6251 is maintained. As
shown in FIG. 107, for each of all groups 15 determined by the mount order
determining unit 6251, the task  order determining unit 6252 divides into
tasks the components  belonging to the group and thereby determines tasks
(S6131).  Then, for all determined tasks, the task order determining unit
6252  determines a mounting order for these tasks (S6132). This 20
processing is repeated (S6130 to S6133). FIG. 107 shows that, for  example,
the components corresponding to the mounting points  P008, P009, P019 and
P023 belong to the first task T001 in the first  mounting group, and the
component corresponding to the mounting  point P015 belong to the second
task T002 in the first mounting  25 group. [0445] Here, in a detailed
procedure of determination of tasks and  task order (S6131, S6132), for
example, component tapes (or  component cassettes 6115a) are arranged in
the component  housing unit 6115 starting with components which are
greatest in 3o number (the number of components to be mounted), for each of
the  component groups ("group 1", "group 2") determined by the mount  order
determining unit 6251 as shown in the component histogram  -140 in FIG.
108(a). Then, as shown in FIG. 108(b), for each group, n  components (n is
the number of pickup nozzles provided in the  mounting head 6110; 4 in the
example of the figure) arranged from  Z1 in the Z-axis direction
(rightward) are determined as the first 



5 task. Then, as shown in FIG. 108(c), the n components are  removed from
the component histogram, so that the component  histogram is updated. Then,
for the updated component histogram,  similarly, n components are
determined as the next task as shown in  FIG. 108(b), so that the component
histogram is updated. Similar io processing is repeated until no component
remains. Here, when  the components of Z1 have run out, the components
arranged from  Z2 in the Z-axis direction are acquired. When the components
of  Z2 have run out, the components arranged from Z3 in the Z-axis
direction are acquired. As such, when the components are acquired 15 one by
one in the Z-axis direction starting with the component  located in the
leftmost on the Z-axis, each task made up of n  components is determined.
As such, the task order determining  unit 6252 determines tasks and
mounting order for the tasks for  each group. 20 [0446] FIG. 109 is a flow
chart showing the determination (S6113)  of pickup order in FIG. 101, that
is, showing a detailed procedure of  determining pickup order for the
components for each task  determined by the task order determining unit
6252. [0447] First, the pickup order determining unit 6253 checks nozzle
25 change (S6140). That is, the types and the number of pickup  nozzles
used in the mounting in the preceding task are compared  with the types and
the number of pickup nozzles necessary in the  mounting in the next task.
Then, when they are different from each  other, it is determined that
nozzle change need be performed. 30 [0448] Then, similarly to the task
determination procedure in the  task order determining unit 6252, the
pickup order determining unit  6253 determines pickup order for the
components for each task  - 141  (S6141). That is, for the arrangement of
the component tapes  shown in FIG. 108(a), the pickup order determining
unit 6253  determines that n components arranged from Z1 on the Z-axis in
the  Z-axis direction (rightward) should be picked up as shown in FIG. 



5 108(b). At that time, components that can be picked up  simultaneously
are picked up simultaneously. Thus, for example,  in the case of a task
made up of n components successively arranged  in line, it is judged that n
components should be picked up in one  iteration of the pickup operation
(simultaneous pickup). 10 [0449] Then, as shown in FIG. 108(c), the pickup
order determining  unit 6253 removes the task for which the pickup order
has been  determined, and thereby updates the component histogram. Then,
pickup order is determined for the next task by a similar procedure.  That
is, it is determined that the components should be picked up 15
sequentially rightward starting at Z1 on the Z-axis (or the leftmost  of
the component tapes in which the components remain) with  performing
simultaneous pickup if possible. [0450] As such, for all components, the
mounting order determining  unit 6250 determines mounting order, tasks and
task order, and  20 pickup order for each task, and then stores the result
as the mounting order data 6243 into the storage unit 6240. After that, in
response to an instruction from the operator, the mounting control  unit
6210 starts mounting of the components in accordance with the  mounting
order data 6243 stored in the storage unit 6240. 25 [0451] As such,
according to the present embodiment, mounting  order for all components is
determined first so that interference  caused by arch motion operation or
the like is taken into  consideration. After that, tasks and pickup order
are determined in  a state that the mounting order is maintained, and then
the 30 components are mounted based on the obtained mounting order.  This
permits fine pitch mounting of the components by using arch  motion
operation of the mounting head 6110. -142 [0452] The processing of the
sixth component mounting order  determining unit 308f has been described
above with reference to an  embodiment. However, the present invention is
not limited to this  embodiment. Various deformations to the present
embodiment 



5 that can be made by a person skilled in the art without departing  from
the spirit of the present invention are included within the scope  of the
present invention. [0453] For example, in the present embodiment, as shown
in FIG.  107, the task order determining unit 6252 has determined the tasks
io and the task order within each group determined by the mount order
determining unit 6251. However, in place of this, as shown in FIG.  110,
all components arranged in the order of groups determined by  the mount
order determining unit 6251 may be divided sequentially  into groups each
made up of n components which is equal to the 15 number of pickup nozzles
provided in the mounting head 6110.  Then, the components belonging to each
generated group may be  adopted as a task, so that the sequence of the
tasks may be adopted  as task mounting order. As a result, task order is
determined so  that the tasks are arranged sequentially starting at one
having the 20 smallest group number. Thus, interference caused by arch
motion  operation is avoided. Here, in the case where a task made up of the
components belonging to two or more groups is generated, when  mounting is
performed sequentially starting at the components  having the smallest
group number, interference is avoided. 25 [0454] Further, in the present
embodiment, as shown in FIG. 108(a),  the task order determining unit 6252
and the pickup order  determining unit 6253 have arranged the component
tapes on the  Z-axis in descending order of the number of components.
However,  in place of this, as shown in FIG. 111, the component tape may be
3o arranged on the Z-axis so that components having a greater number  are
located closer to the center (the component histogram should  have a bell
shape). Then, components may be acquired starting at  -143 the components
having the greatest number of remaining  components to be mounted onto the
board at that time, so that  tasks, task order and pickup order may be
determined. [0455] Further, in the present embodiment, after the tasks and
task  



5 order have been determined, pickup order for the components has  been
determined for each task. However, the present invention is  not limited to
this sequence of procedure. That is, pickup order  may be determined with
priority. Then, as a result of this, tasks  and task order may be
determined. Alternatively, the io determination of tasks and task order and
the determination of  pickup order may be mixed and integrated. For
example, as  described above, in the case where the method is adopted that
components are picked up starting at the components having the  greatest
number of remaining components to be mounted onto the 15 board, when the
mounting head picks up the components in  accordance with a particular
pickup order, tasks are formed as a  result of this. Thus, task
determination and pickup order  determination are mixed and integrated.
[0456] Further, in the present embodiment, in the determination of  20 task
order and pickup order, as shown in FIG. 108(a), arrangement  on the Z-axis
has been performed for each component group  determined by the mount order
determining unit 6251. However, in  place of this, the arrangement on the
Z-axis may be performed for  each component obtained by grouping based on
the height values of 25 the components (for example, starting at one having
the lowest  height). This is because the component group order determined
by  the mount order determining unit 6251 is expected to be, as a result,
close to the component group order generated based on the height  values of
the components. 30 [0457] Further, in the present embodiment, the mount
order  determining unit 6251 has determined the mounting order for the
components in such a manner that interference between a  -144 component and
another component and between a component and  the mounting head 6110 is
taken into consideration. However, in  place of this or in addition to
this, mounting order for the  components may be determined in such a manner
that a restriction 



5 in the mounting order for the components associated with
three-dimensional mounting (mounting by stacking of components)  as shown
in FIG. 112 is taken into consideration. In such  three-dimensional
mounting, the upper component 6131b cannot be  mounted until the lower
component 6131a (or the board) has been io mounted. Thus, a restriction in
mounting order is present between  these components, which can be treated
similarly to a restriction in  mounting order caused by interference
between components in the  present embodiment. [0458] Further, in the
present embodiment, after the mounting  15 order determining unit 6250 has
determined mounting order for all  components, the mounting control unit
6210 has started the  mounting of the components. However, the present
invention is  not limited to this sequence of procedure. That is, in
parallel to the  component mounting, mounting order for the remaining 20
components may be determined dynamically (in real time). For  example,
after the completion of mounting of the components of a  group having the
highest priority determined by the mount order  determining unit 6251, the
mount order determining unit 6251 may  determines a group of components to
be mounted next among the 25 remaining components other than the
already-mounted components.  Then, the components of the determined group
may be mounted.  Then, this cycle may be repeated. More specifically, a
hypothetical  three-dimensional map is assumed for a component to be
mounted  onto the board 6122 in the subsequent processing among the 3o
not-yet-mounted components. Then, not-yet-mounted  components that would
interfere with that component on the  three-dimensional map at the time of
component mounting are not  -145 included into the group to be mounted
next. This processing is  performed on all not-yet-mounted components, so
that components  not interfering with any other not-yet-mounted components
are  acquired and adopted as the group of components to be mounted  



5 next. [0459] Further, in place of the configuration that the component
mounting order determination processing is switched and executed  as in the
operating time reducing apparatus 300 in FIG. 2, the  component mounter
6100 may perform the component mounting  io order determination processing.
[0460] FIG. 113 is a block diagram showing a functional  configuration of
this component mounter 6100. The component  mounter 6100 includes, in terms
of function, a mechanism unit 6200,  a mounting control unit 6210, an input
unit 6220, an output unit 15 6230, a storage unit 6240, a mounting order
determining unit 6250,  and a communication I/F unit 6260. [0461] The
mechanism unit 6200 includes a mounting head 6110,  an XY robot 6113, a
component cassette 6115a, a transportation  unit 6121, and mechanical
constituent elements including motors  20 and motor drivers for driving
these. [0462] Based on the mounting order data 6243 determined by the
mounting order determining unit 6250, the mounting control unit  6210
controls the mechanism unit 6200 so as to control the  mounting of
components. 25 [0463] The input unit 6220 is a keyboard that acquires an
instruction from the operator. The output unit 6230 is an LCD that
presents various kinds of information to the operator. [0464] The storage
unit 6240 is a hard disk, a memory or the like,  and holds the mounting
point data 6241, the component data 6242,  30 the mounting order data 6243
and the like. As shown in FIG. 114, the mounting point data 6241 is
composed of information that  indicates the component name and the mounting
position (X, Y, O)  - 146  for all mounting points of the target board. As
shown in FIG. 115,  the component data 6242 is composed of information that
indicates  the "component name", the "component external appearance"
(shape), the "component size", the "two-dimensional recognition 



5 method" (image recognition method with the camera performed  after the
pickup by the mounting head), the "pickup nozzle" (type of  a pickup nozzle
to be used), the "tact" (mounting time per  component), the "speed XY"
(transfer speed at the time of  mounting) and the like. As shown in FIG.
116, the mounting order io data 6243 is composed of information that
indicates the mounting  order for all components finally determined by the
mounting order  determining unit 6250 (information that indicates the
"task" and the  "pickup order" for each mounting point, in the example in
FIG. 116).  Here, in FIG. 116, the "task" indicates a task name in the case
where 15 mounting is performed in the order of T001, T002, ..., while the
"pickup order" indicates pickup order (iteration number in pickup) in  each
task. [0465] The mounting order determining unit 6250 is a program, a  CPU
and the like that, based on the mounting point data 6241, the  20 component
data 6242 and the like held in the storage unit 6240, determines optimal
component mounting order in which arch motion  operation of the mounting
head 6110 is taken into consideration,  and that store the determination
result as mounting order data 6243  into the storage unit 6240. The
mounting order determining unit 25 6250 includes a mount order determining
unit 6251, a task order  determining unit 6252 and a pickup order
determining unit 6253.  [0466] The mount order determining unit 6251 is a
processing unit  that determines the mounting order onto the board based on
a  restriction condition concerning the before-after relation in the 30
mounting order for the components. That is, the mount order  determining
unit 6251 determines the mounting order for all  components for each
component group made up of one or more  -147 components corresponding to
the mounting points in such a manner  that interference caused by arch
motion operation or the like of the  mounting head 6110 is taken into
consideration. The task order  determining unit 6252 is a processing unit
that determines tasks 



5 and mounting order for the tasks (task order) in a state that the
mounting order determined by the mount order determining unit  6251 is
maintained. The pickup order determining unit 6253 is a  processing unit
that determines pickup order for the components  within the task for each
task determined in the task order  1o determining unit 6252. [0467] The
communication I/F unit 6260 is an interface card or the  like that
communicates with other apparatuses, and is used, for  example, when the
mounting point data and the component data are  downloaded from the host
computer in the upstream and then 15 stored respectively as the mounting
point data 6241 and the  component data 6242 into the storage unit 6240.
[0468] FIG. 117 is a flow chart showing basic operation of a  component
mounter 6100 at the time of dynamically determining  mounting order. As
shown in FIG. 118, the three-dimensional 20 camera 6123 provided in the
component mounter 6100 images the  mounting surface of the board 6122
(S6150). Then, the mount  order determining unit 6251 performs image
processing on the  image acquired by the three-dimensional camera 6123, and
thereby  generates a three-dimensional map as shown in FIG. 103 (S6151). 25
Then, with reference to the three-dimensional map generated at the
above-mentioned step S6151, the component data 6242 and the like,  for the
board 6122 in the mounting state at that time, the mount  order determining
unit 6251 identifies all components that do not  interfere with other
components and do not have a restriction 30 concerning the mounting order
(may be mounted in arbitrary order),  from the components registered in the
mounting point data 6241,  and then stores them as the first group (S6121).
Here, the  -148 processing of step S6121 is similar to the processing shown
in the  above-mentioned embodiment. Then, the component mounter  6100
mounts onto the board 6122 the components included in the  first group
(S6152). When all components have been mounted 



5 onto the board 6122 (Y in S6153), the processing is completed.  When a
not-yet-mounted component remains (N in S6153), the  processing subsequent
to step S6150 is performed repeatedly.  [0469] Further, in the case where
mounting order for the  components is determined dynamically as described
above, the io processing of dynamical determination may be, for example,
any  one of: determination of groups by the mount order determining  unit
6251; determination of tasks and task order for each group by  the task
order determining unit 6252; determination of pickup order  for the
components within a task by the pickup order determining 15 unit 6253. For
example, determination of all groups by the mount  order determining unit
6251 may solely be completed in advance,  and then the determination
processing subsequent to the  determination of tasks may be performed
dynamically for the  remaining components. By virtue of this, for example,
in the case 20 where pickup order for the components is determined
dynamically  for the to-be-mounted components remaining at that time in
such a  manner that the arrangement of the component tapes at the time is
taken into consideration, even when the situation has varied (for  example,
run-out of components) during the component mounting, 25 mounting order can
be determined in accordance with the situation,  so that the component
mounting can be continued. [0470] As described above, the component
mounting system  according to an embodiment of the present invention has
been  described. However, the present invention is not limited to this  so
embodiment. [0471] For example, in the above-mentioned embodiment, the
operation loss identifying unit 305a and the processing procedure  -149
selecting unit 305b of the operating time reducing apparatus 300  have
selected a program from the optimization program storing unit  308.
However, the user may select a program from the  optimization program
storing unit 308. 



5 [0472] FIG. 119 is a flow chart of processing executed by an  operating
time reducing apparatus 300 at the time that a user  selects a program from
an optimization program storing unit 308.  [0473] The arithmetic control
unit 301 outputs to the display unit  302 a screen that allows the operator
to select the type of a target to component mounter (S2). For example, a
screen 400 as shown in  FIG. 120 is outputted to the display unit 302.
Here, component  mounters are classified into: a modular type (single side
mounting)  provided with only one mounting head; a modular type (alternate
mounting) provided with a plurality of mounting heads; and a rotary 15
type. Then, buttons 402 to 406 corresponding to these component  mounters
are displayed. [0474] When the operator operates the input unit 303 and
presses  any one of the buttons 402 to 406 (S4), the arithmetic control
unit  301 outputs to the display unit 302 a selection screen for 20
optimization methods applicable to the corresponding component  mounter
(S6). FIGS. 121 and 122 are diagrams each showing an  example of a screen
displayed on the display unit 302. [0475] FIG. 121 shows a screen 410 in
the case where the button  402 corresponding to a component mounter of
modular type (single  25 side mounting) is pressed, where buttons 412 to
418 are displayed that correspond to four optimization methods applicable
to the  modular type (single side mounting). The buttons 412, 414, 416  and
418 correspond respectively to a program for implementing the  fourth
component mounting order determining unit 308d, a program 30 for
implementing the fifth component mounting order determining  unit 308e, a
program for implementing the sixth component  mounting order determining
unit 308f, and a program for  -150   implementing the second component
mounting order determining unit 308b. [0476] FIG. 122 shows a screen 420 in
the case where the button  



404 corresponding to a component mounter of modular type  5 (alternate
mounting) is pressed, where buttons 422, 416 and 418 are displayed that
correspond to three optimization methods  applicable to the modular type
(alternate mounting). The buttons  422, 416 and 418 correspond to programs
for implementing the  third component mounting order determining unit 308c,
the sixth io component mounting order determining unit 308f, and the second
component mounting order determining unit 308b, respectively.  [0477] When
the operator operates the input unit 303 and presses  any one of the
buttons 412 to 418 and 422 displayed on the screen  410 or the screen 420,
the processing procedure selecting unit 305b 15 reads from the optimization
program storing unit 308 the program  for implementing the component
mounting order determining unit  corresponding to the pressed button, and
then loads it to the  memory unit 304 (S8). When the arithmetic control
unit 301  executes the program loaded to the memory unit 304, any one of
the 20 component mounting order determining units optimizes the  component
mounting order (S10). [0478] For example, when the operator presses the
button 412  displayed on the screen 410 shown in FIG. 121, the processing
procedure selecting unit 305b loads the program for implementing 25 the
fourth component mounting order determining unit 308d, from  the
optimization program storing unit 308 to the memory unit 304  (S8). Then,
when the arithmetic control unit 301 executes the  program, the fourth
component mounting order determining unit  308d optimizes the component
mounting order (S10). 30 [0479] Here, a program applicable to a component
mounter of  rotary type is solely the program for implementing the first
component mounting order determining unit 308a. Thus, when the  -151 button
406 corresponding to a component mounter of rotary type is  pressed on the
screen 400 shown in FIG. 120, a screen for selecting  the optimization
method as shown in FIG. 121 or 122 is not  



displayed. Then, the processing procedure selecting unit 305b 5 loads the
program for implementing the first component mounting  order determining
unit 308a, from the optimization program storing  unit 308 to the memory
unit 304. Then, the arithmetic control unit  301 executes the program.
Then, the first component mounting  order determining unit 308a optimizes
the component mounting  io order. Industrial Applicability [0480] The
present invention is applicable to a determination  method for component
mounting order in a component mounter and,  15 in particular, to a
determination method for component mounting order and the like in a
situation that plural types of component  mounters are incorporated in a
mixed manner. 152 CLAIMS  [1] An operating time reducing method for a
component mounter,  the method comprising: an operation loss identifying
step of identifying an operation  5 loss to be resolved in the component
mounter; a processing procedure selecting step of selecting, based on  the
identified operation loss, a processing procedure for reducing an
operating time of the component mounter; and a processing procedure
executing step of executing the  ioselected processing procedure. [2] The
operating time reducing method according to Claim 1,  wherein, in said
processing procedure selecting step, when an  operation loss caused by a
component mounter provided with a 15 rotary head which, while rotating
about an axis, picks up  components and mounts the components onto a board
is identified  in said operation loss identifying step, a processing
procedure is  selected, the selected processing procedure is a component
mounting  20 order determination method for a component mounter that mounts



a plurality of components onto a board, a board mark provided on a board
for board positioning or a  point included in component mounting points
where a component is  mounted first is defined as.a start point, 25 for an
arbitrary two points among a plurality of component  mounting points and
the start point, a distance between the two  points or a time duration
necessary from completion of mounting of  a component on one of the two
points until completion of mounting  of a component on the other of the two
points is defined as a cost for  30 the two points, a point set up
hypothetically as a last movement point is  defined as a dummy point, and
-153 the component mounting order determination method  includes: a
component mounting point information acquiring step of  acquiring position
information concerning the plurality of  5 component mounting points and
the costs for two points among the plurality of component mounting points,
the start point and the  dummy point; a traveling path calculating step of
calculating a traveling  path that passes individual points so as to
minimize a sum of the  to costs for two points among the start point, the
dummy point and the  plurality of component mounting points on the board;
and a mounting order determining step of determining the  component
mounting order based of the traveling path. 15 [3] The operating time
reducing method according to Claim 2,  wherein the dummy point is a
hypothetical point where a cost  relative to each component mounting point
is greater than a cost for  every two points among the plurality of
component mounting points  and the start point and where a cost relative to
the start point is 20 smaller than a cost for every two points among the
plurality of  component mounting points and the start point. 



[4] The operating time reducing method according to Claim 2,  wherein the
component mounter includes a mounting head  25 which picks up a component
and mounts the component onto a board, and a component supply unit which
supplies the component  to the mounting head, the mounting head is a rotary
head which, while rotating  about an axis, picks up the component and
mounts the component  30 onto the board, the component mounter further
includes a table on which the  board is placed and which moves so that a
component mounting  154 point on the board conforms with a component
mounting position of  the rotary head, and the cost from a particular
component mounting point to  another component mounting point is defined
based on at least one  5 of a time duration necessary when the table moves
between the component mounting points, a time duration necessary when the
rotary head performs intermittent rotation operation, and a time  duration
necessary when the component supply unit supplies a  component to the
rotary head. 10 [5] The operating time reducing method according to Claim
2,  wherein said processing procedure further includes a cost  calculating
step of calculating a cost for arbitrary two points among  the start point,
the dummy point, and the plurality of component  15 mounting points on the
board, and in said traveling path calculating step, by using the costs
calculated in said cost calculating step, a traveling path that passes
individual points so as to minimize a sum of the costs for two points
among the start, the dummy point, and the plurality of component 20
mounting points point on the board is calculated in accordance with  a
traveling salesman problem. [6] The operating time reducing method
according to Claim 2,  



wherein the dummy point is located at the same position as  25 the start
point. [7] The operating time reducing method according to Claim 1,
wherein when an operation loss caused by a component  mounter in which a
mounting head for holding and transporting a 30 plurality of components
mounts the plurality of components onto a  board is identified in said
operation loss identifying step, a  processing procedure is selected in
said processing procedure  -155 ------------- selecting step, the selected
processing procedure is a component mounting  order determination method of
determining a mounting order in the  case where components are mounted onto
a board by a component 5 mounter provided with a mounting head that picks
up and transports  a plurality of components so as to mount the plurality
of components  onto the board, for arbitrary two points among a plurality
of component  mounting points and a dummy point which is a point set up  lo
hypothetically, a distance between the two points or a time duration
necessary from completion of mounting of a component to one point  of the
two points until completion of mounting of a component to the  other point
is defined as a cost for the two points, the dummy point is defined as a
point set up as a start point  15 and an end point of component mounting,
and the component mounting order determination method  includes: a
component mounting point information acquiring step of  acquiring position
information concerning the plurality of  20 component mounting points and
the costs for two points among the plurality of component mounting points
and the dummy point; a traveling path calculating step of calculating a
traveling  path in which the dummy point serves as a starting point and an
end  



point and which passes individual points so as to minimize a sum of 25 the
costs for two points among the plurality of component mounting  points and
the dummy point; and a mounting order determining step of determining the
component mounting order based on the traveling path. so [8] The operating
time reducing method according to Claim 7,  wherein the dummy point is
provided in a component supply  unit which supplies the component to the
mounting head. -156 [9] The operating time reducing method according to
Claim 8,  wherein the dummy point is provided at a center of a plurality of
component supply openings in the component supply unit.  5 [10] The
operating time reducing method according to Claim 7,  wherein said
component mounting point information  acquiring step includes: a step of
acquiring position information concerning the  1o plurality of component
mounting points; a step of generating corrected position information by
correcting the position information concerning the plurality of  component
mounting points based on a pickup position of the  component in the
mounting head; and 15 a step of deriving, based on the corrected position
information, the cost for two points among the plurality of  component
mounting points and the dummy point. [11] The operating time reducing
method according to Claim 1,  20 wherein when an operation loss caused by a
component  mounter in which a plurality of mounting heads each for holding
and  transporting a plurality of components mount alternately the
components onto one board is identified in said operation loss  identifying
step, a processing procedure is selected in said  25 processing procedure
selecting step, the selected processing procedure is a component mounting  



order determination method of determining a mounting order in the  case
where a plurality of mounting heads alternately mount  components onto one
board, 30 each mounting head is a head that picks up and transports a
plurality of components so as to mount the plurality of components  onto
the board, 157 a component group that is mounted in one iteration of a
repeated series of operations composed of pickup, transportation  and
mounting of the components performed by each mounting head  is defined as a
task, and 5 the component mounting order determination method  includes: an
assignment step of assigning components to be mounted  onto the board to
any one of the plurality of mounting heads so that  the number of tasks
assigned to each of the plurality of mounting  10 heads becomes uniform;
and a task generating step of generating each task for the  components
assigned to each head so that a time duration from  completion of component
mounting in the task of a mounting head  until start of component mounting
in the task of a next mounting  15 head is minimized. [12] The operating
time reducing method according to Claim 11,  wherein in said task
generating step, for each of the plurality  of mounting heads, tasks are
generated by dividing the assigned 20 component group into tasks so that
pickup and recognition of the  components can be completed by the time
mounting of components  by other mounting heads is completed. [13] The
operating time reducing method according to Claim 12,  25 wherein said task
generating step includes: a step of calculating, for each of the plurality
of mounting  heads, a maximum number of component pickup iterations in
which  pickup and recognition of the components can be completed within a  



mounting time for mounting components performed by the other 30 mounting
heads, by comparing a pickup time and a recognition time  with the mounting
time which is a time duration from completion of  recognition of components
until completion of mounting performed  -158 by the other mounting heads,
the pickup time being a time duration  from completion of mounting of
components until completion of  pickup, the recognition time being a time
duration from completion  of pickup of the components until completion of
recognition; and 5 a step of generating tasks for each of the plurality of
mounting heads, by dividing the assigned component group into  tasks so
that the number of component pickup iterations is smaller  than or equal to
the maximum number of pickup iterations. 10 [14] The operating time
reducing method according to Claim 11,  wherein said component mounting
order determination  method further includes a number-of-nozzles acquiring
step of  acquiring the number of pickup nozzles that are provided in each
mounting head for picking up the components, 15 in said assignment step, a
component to be mounted onto the  board is assigned to one of the plurality
of mounting heads, based on  the acquired number of pickup nozzles, and in
said task generating step, the component group assigned  to each mounting
head is divided into tasks, and a mounting order  20 for the divided tasks
is determined. [15] The operating time reducing method according to Claim
14,  wherein the mounting head includes a plurality of pickup  nozzles
arranged along a rotating circumference, and 25 in said task generating
step, the. component group assigned  to each mounting head is divided into
tasks so that, in the same task  order, the number of components included
in each task assigned to  each of the plurality of mounting heads is equal,
and an order for the  divided tasks is determined. 30 



[16] The operating time reducing method according to Claim 1,  wherein when
an operation loss caused by a component  159 mounter in which a plurality
of mounting heads each for holding and  transporting a plurality of
components mount alternately the  components onto one board is identified
in said operation loss  identifying step, a processing procedure is
selected in said  5 processing procedure selecting step, the selected
processing procedure is a method of generating  tasks for each mounting
head when a plurality of the mounting  heads alternately mount components
onto one board, each of the mounting heads is a head that picks up and  10
transports a plurality of components so as to mount the plurality of
components onto the board, and the task generating method includes a task
generating step of  generating, in the case where a component group to be
mounted in  one iteration of a repeated series of operation composed of
pickup, 15 transportation and mounting of the components performed by the
mounting head is defined as a task, each task for the components  assigned
to each head so that a time duration from completion of  component mounting
in the task of a mounting head until start of  component mounting in the
task of a next mounting head is  20 minimized. [17] The operating time
reducing method according to Claim 1,  wherein when an operation loss
caused by a case where, in a  component mounter in which a mounting head
for holding and 25 transporting a plurality of components mounts the
plurality of  components onto a board, a board carrying-in time which is a
time  duration after the components have been mounted onto the board  until
a next board is carried in to a board stop position in the  component
mounter is greater than a predetermined threshold is 3o identified in said
operation loss identifying step, a processing  procedure is selected in
said processing procedure selecting step,  



the selected processing procedure is a method of reducing an  -160
operating time in the case where components are mounted onto a  board by a
component mounter provided with a mounting head that  picks up and
transports a plurality of components so as to mount the  plurality of
components onto the board, 5 the method of reducing an operating time
includes: a board carrying-in time calculating step of calculating the
board carrying-in time which is the time duration after the  components
have been mounted onto the board until the next board  is carried in to the
board stop position in the component mounter;  ioand a timing determining
step of determining, in the case where  one iteration of a repeated series
of operations composed of pickup  and mounting of the components performed
by the mounting head is  defined as a task, timing of pickup of components
in a first task so 15 that pickup of the components in a first task, for a
board carried in,  is started within the board carrying-in time. [18] The
operating time reducing method according to Claim 17,  wherein the
component mounting order determination  20 method further includes a task
order determining step of determining task order so that a task having the
greatest  component pickup time is adopted as the first task and pickup of
a  component in the first task is started within the board carrying-in
time. 25 [19] The operating time reducing method according to Claim 18,
wherein said task order determining step includes: a comparison step of
comparing a greatest component pickup  time among all tasks with the board
carrying-in time; and 30 a first determination step of determining task
order so that  when the greatest component pickup time is smaller than the
board  carrying-in time, a task having the greatest component pickup time  



- 161  is adopted as the first task and pickup of the component in the
first  task is started within the board carrying-in time. [20] The
operating time reducing method according to Claim 19,  5 wherein said task
order determining step further includes a  second determination step of
determining, when the greatest  component pickup time is greater than or
equal to the board  carrying-in time, a task order so that an arbitrary
task having a  component pickup time greater than or equal to the board io
carrying-in time is adopted as the first task and pickup of the  component
in the first task is started within the board carrying-in  time. [21] The
operating time reducing method according to Claim 1,  15 wherein, in a
component mounter in which a mounting head  for holding and transporting a
plurality of components mounts the  plurality of components onto a board,
and a component group to be  mounted in one iteration of a repeated series
of operations  composed of pickup, transportation and mounting of the 20
components performed by the mounting head is defined as a task,  when an
operation loss caused by a presence of a task in which the  components have
mutually different component transportation  speed limits for the mounting
head or by a presence of a task in  which the components have mutually
different component 25 transportation acceleration limits for the mounting
head is identified  in said operation loss identifying step, a processing
procedure is  selected in said processing procedure selecting step, the
selected processing procedure is a component mounting  method of mounting a
plurality of components onto a board by using  ao a holding unit that holds
and transports the plurality of components,  and the component mounting
method includes:  162 a speed identifying step of identifying a
transportation speed  



limit for a holding unit corresponding to each of the plurality of
components; a determination step of determining, based on the  5
transportation speed limits, a handling order for the plurality of
components in the holding unit so that a time duration that a  component
having a lower transportation speed limit, among the  plurality of
components, is held by the holding unit is reduced; and a mounting step of
mounting the plurality of components onto  1o the board by handling the
plurality of components with the holding  unit in accordance with the
handling order determined in said  determination step, and moving the
holding unit at a speed not  exceeding the lowest transportation speed
limit of the components  held by the holding unit. 15 [22] The operating
time reducing method according to Claim 21,  wherein in said determination
step, a holding order for the  plurality of components in the holding unit
is determined as the  handling order so that components are held
sequentially starting 20 from a component having the highest transportation
speed limit  identified in said speed identifying step, and in said
mounting step, the holding unit is made to hold the  plurality of
components in accordance with the handling order, and  the held plurality
of components is mounted onto the board. 25 [23] The operating time
reducing method according to Claim 21,  wherein in said determination step,
a mounting order for the  plurality of components in the holding unit is
determined as the  handling order so that components are mounted
sequentially 30 starting from a component having the lowest transportation
speed  limit identified in said speed identifying step, and in said
mounting step, the holding unit is made to hold the  -163 plurality of
components, and the held plurality of components are  



mounted onto the board in accordance with the mounting order.  [24] The
operating time reducing method according to Claim 21, 5 wherein in said
speed specifying step, a transportation speed  limit . for each component
is specified by referring to speed  information that indicates
transportation speed limits for the  plurality of components. io [25] The
operating time reducing method according to Claim 21,  wherein in said
speed specifying step, a transportation speed  limit for each component is
specified by referring to size information  that indicates sizes of the
plurality of components, so that the  transportation speed of the holding
unit is restricted to be lower for  15 a component having a larger size..
[26] The operating time reducing method according to Claim 21,  wherein in
said speed specifying step, a transportation speed  limit for each
component is specified by referring to weight 20 information that indicates
weights of the plurality of components, so  that the transportation speed
of the holding unit is restricted to be  lower for a component having
greater weight. [27] The operating time reducing method according to Claim
21,  25 wherein in said speed specifying step, a transportation speed
limit for each component is specified by referring to thickness
information that indicates thicknesses of the plurality of  components, so
that the transportation speed of the holding unit is  restricted to be
lower for a component having greater thickness. 30 [28] The operating time
reducing method according to Claim 1,  wherein, in a component mounter in
which a mounting head  164 for holding and transporting a plurality of
components mounts the  plurality of components onto a board, and a
component group to be  mounted in one iteration of a repeated series of
operations  composed of pickup, transportation and mounting of the 5
components performed by the mounting head is defined as a task,  



when an operation loss caused by a presence of a task in which the
components have mutually different component transportation  speed limits
for the mounting head or by a presence of a task in  which the components
have mutually different component to transportation acceleration limits for
the mounting head is identified  in said operation loss identifying step, a
processing procedure is  selected in said processing procedure selecting
step, the selected processing procedure is a component mounting  method of
mounting a plurality of components onto a board by using  15 a holding unit
that holds and transports the plurality of components,  and the component
mounting method includes: an acceleration identifying step of identifying a
transportation  acceleration limit for the holding unit, corresponding to
each of the  20 plurality of components; a determination step of
determining a handling order for the  plurality of components in the
holding unit based on the  transportation acceleration limits so that a
time duration that a  component having a lower transportation acceleration
limit, among 25 the plurality of components, is held by the holding unit is
reduced;  and a mounting step of mounting the plurality of components onto
the board by handling the plurality of components with the holding  unit in
accordance with the handling order determined in said 3o determination
step, and moving the holding unit with an  acceleration not exceeding the
lowest transportation acceleration  limit of the components held by the
holding unit. -165 [29] The operating time reducing method according to
Claim 1,  wherein when an operation loss caused by an interference, which
is a collision between components or between a component  5 and a mounting
head that can occur when a component mounter  provided with a mounting head
mounts a component on a board, is  



identified in said operation loss identifying step, a processing  procedure
is selected in said processing procedure selecting step, the selected
processing procedure is a component mounting  10 order determination method
of determining mounting order in the  case where components are mounted
onto a board by a component  mounter provided with a mounting head that
picks up and transports  a plurality of components so as to mount the
plurality of components  onto the board, and 15 the component mounting
order determination method  includes: a mounting order determining step of
determining a mounting  order onto the board based on a restriction
condition concerning a  before-after relation in the mounting order for the
components; and 20 a task. order determining step of dividing all
components into  tasks in a state where the mounting order determined in
said  mounting order determining step is maintained, and determining a
mounting order for the divided tasks, in the case where a component  group
to be mounted in one iteration of a repeated series of 25 operations
composed of pickup, transportation and mounting of the  components
performed by the mounting head is defined as a task.  [30] The operating
time reducing method according to Claim 29, wherein in said mounting order
determining step, the  30 mounting order is determined so that interference
does not occur,  the interference being collision between components or
between a  component and the mounting head that can occur when the  166
components are mounted onto the board. [31] The operating time reducing
method according to Claim 30,  wherein in said mounting order determining
step, the  5 mounting order is determined so that interference caused by
arch  motion operation of the mounting head does not occur. [32] The
operating time reducing method according to Claim 31,  wherein in said
mounting order determining step, for each  



lo component, it is judged whether another component or a part of another
component mounted on the board is present within a range  of a moving space
of the mounting head in the case where the  mounting head mounts the
component onto the board by arch  motion operation, and when it is judged
as being present, the 15 mounting order is determined so that the component
being judged is  mounted before the another component. [33] The operating
time reducing method according to Claim 32,  wherein in said mounting order
determining step, a sequence  20 of component groups is generated as the
mounting order by repeating a process in which, based on the judgment
result, a group  of components to be mounted first is specified as a first
component  group, and a group of components to be mounted next among the
components excluding said first component group is specified as a  25
second component group. [34] The operating time reducing method according
to Claim 33,  wherein in said mounting order determining step, a
three-dimensional map that shows three-dimensional positions and 30 shapes
of the components mounted on the board is generated, and  a group of
components to be mounted first is specified as a first  component group, in
the generated three-dimensional map, based  167 on the judgment result.
[35] An operating time reducing apparatus for a component  mounter, said
operating time reducing apparatus comprising: 5 an operation loss
identifying unit operable to identify an  operation loss to be resolved in
the component mounter; a processing procedure selecting unit operable to
select a  processing procedure for reducing an operating time of the
component mounter, based on the identified operation loss; and 10 a
processing procedure executing unit operable to execute  the selected
processing procedure. [36] The operating time reducing apparatus according
to Claim 35,  



wherein when an operation loss caused by a component  15 mounter provided
with a rotary head which, while rotating about an axis, picks up components
and mounts the components onto a board  is identified by said operation
loss identifying unit, said processing  procedure selecting unit is
operable to select a processing  procedure, 20 the selected processing
procedure is a processing procedure  performed by an apparatus which
determines a mounting order for  components in the component mounter for
mounting a plurality of  components onto a board, a board mark provided on
a board for board positioning or a  25 point included in component mounting
points where a component is  mounted first is defined as a start point, for
arbitrary two points among a plurality of component  mounting points and
the start point, a distance between the two  points or a time duration
necessary from completion of mounting of 3o a component to one point of the
two points until completion of  mounting of a component to the other point
is defined as a cost for  the two points, 168 ........................  a
point set up hypothetically as a last movement point is defined as a dummy
point, and the mounting order determining apparatus includes: a component
mounting point information acquiring unit which  5 acquires position
information concerning the plurality of component  mounting points and the
costs for two points among the plurality of  component mounting points, the
start point and the dummy point; a traveling path calculating unit which
calculates according to  a traveling salesman problem a traveling path that
passes individual  10 points so as to minimize a sum of the costs for two
points among the start point on the board, the dummy point, and the
plurality of  component mounting points; and 



a mounting order determining unit which determines a  mounting order for
the component based on of the traveling path.  15 [37] The operating time
reducing apparatus according to Claim 35,  wherein when an operation loss
caused by a component  mounter in which a mounting head for holding and
transporting a  plurality of components mounts the plurality of components
onto a 20 board is identified by said operation loss identifying unit, said
processing procedure selecting unit is operable to select a  processing
procedure, the selected processing procedure is a processing procedure
executed by a component mounting order determining apparatus  25 operable
to determine a mounting order in the case where components are mounted onto
a board by a component mounter  provided with a mounting head that picks up
and transports a  plurality of components so as to mount the plurality of
components  onto the board, 30 for arbitrary two points among a plurality
of component  mounting points and a dummy point which is a point set up
hypothetically, a distance between the two points or a time duration  - 169
necessary from completion of mounting of a component to one point  of the
two points until completion of mounting of a component to the  other point
is defined as a cost for the two points, the dummy point is defined as a
point set up as a start point  5 and an end point of component mounting,
and the component mounting order determining apparatus  includes: a
component mounting point information acquiring unit which  acquires
position information concerning the plurality of component  10 mounting
points and the costs for two points among the plurality of  component
mounting points and the dummy point; a traveling path calculating unit
which calculates a traveling  



path in which the dummy point serves as a starting point and an end  point
and which passes individual points such as to minimize a sum 15 of the
costs for two points among the plurality of component  mounting points and
the dummy point; and a mounting order determining unit which determines a
mounting order for the component based on the traveling path. 20 [38] The
operating time reducing apparatus according to Claim 35,  wherein when an
operation loss caused by a component  mounter in which a plurality of
mounting heads each for holding and  transporting a plurality of components
mount alternately the  components onto one board is identified by said
operation loss 25 identifying unit, a processing procedure is selected by
said  processing procedure selecting unit, the selected processing
procedure is a processing procedure  executed by a component mounting order
determining apparatus  which determines a mounting order in the case where
a plurality of 30 mounting heads alternately mount components onto one
board,  each mounting head is a head that picks up and transports a
plurality of components so as to mount the plurality of components  -170
onto the board, a component group to be mounted in one iteration of a
repeated series of operations composed of pickup, transportation  and
mounting of the components performed by each mounting head  5 is defined as
a task, and the component mounting order determining apparatus  includes:
an assignment unit which assigns components to be mounted  onto the board
to any one of the plurality of mounting heads so that  10 the number of
tasks assigned to each of the plurality of mounting  heads becomes uniform;
and a task generating unit which generates each task for the  components
assigned to each head so that a time duration from  



completion of component mounting in the task of a particular 15 mounting
head until start of component mounting in the task of the  next mounting
head is minimized. [39] The operating time reducing apparatus according to
Claim 35,  wherein when an operation loss caused by a the case where,  20
in a component mounter in which a mounting head for holding and
transporting a plurality of components mounts the plurality of  components
onto a board, a board carrying-in time which is a time  duration after the
components have been mounted onto the board  until the next board is
carried in to a board stop position in the 25 component mounter is greater
than a predetermined threshold is  identified by said operation loss
identifying unit, a processing  procedure is selected by said processing
procedure selecting unit, the selected processing procedure is a processing
procedure  executed by an apparatus which reduces an operating time in the
30 case where components are mounted onto a board by a component mounter
provided with a mounting head that picks up and transports  a plurality of
components so as to mount the plurality of components  - 171  onto the
board, the apparatus which reduces an operating time includes: a board
carrying-in time calculating unit which calculates a  board carrying-in
time which is a time duration after the  5 components have been mounted
onto the board until the next board is carried in to a board stop position
in the component mounter; and  a timing determining unit which, when one
iteration of a  repeated series of operations composed of pickup and
mounting of  the components performed by the mounting head is defined as a
io task, determines timing of pickup of components in a first task so  that
pickup of the components in a first task for a board carried in is  started
within the board carrying-in time. [40] The operating time reducing
apparatus according to Claim 35,  15 wherein, in a component mounter in
which a mounting head  



for holding and transporting a plurality of components mounts the
plurality of components onto a board, and a component group to be  mounted
in one iteration of a repeated series of operations  composed of pickup,
transportation and mounting of the 20 components performed by the mounting
head is defined as a task,  when an operation loss caused by a presence of
a task in which the  components have mutually different component
transportation  speed limits for the mounting head or by a presence of a
task in  which the components have mutually different component 25
transportation acceleration limits for the mounting head is identified  by
said operation loss identifying unit, a processing procedure is  selected
by said processing procedure selecting unit, the selected processing
procedure is a processing procedure  executed by an order determining
apparatus operable to determine  3o handling order for a plurality of
components in a holding unit operable to hold and transport the plurality
of components in order  to mount the plurality of components onto a board,
and 172 the order determining apparatus includes: a speed identifying unit
which identifies a transportation  speed limit for the holding unit
corresponding to each of the plurality  of components; and 5 a
determination unit which determines handling order for the  plurality of
components performed by the holding unit based on the  transportation speed
limits in so that a time duration that a  component having a lower
transportation speed limit among the  plurality of components is held by
the holding unit is reduced. 10 [41] The operating time reducing apparatus
according to Claim 35,  wherein when an operation loss caused by
interference, which  is collision between components or between a component
and a  mounting head which can occur when a component mounter 15 provided
with a mounting head mounts a component on a board, is  



identified by said operation loss identifying unit, a processing  procedure
is selected by said processing procedure selecting unit, the selected
processing procedure is a processing procedure  executed by a component
mounting order determining apparatus  20 which determines a mounting order
in the case where components are mounted onto a board by a component
mounter provided with a  mounting head that picks up and transports a
plurality of  components so as to mount the plurality of components onto
the  board, and 25 the component mounting order determining apparatus
includes: a mounting order determining unit which determines a  mounting
order onto the board based on a restriction condition  concerning
before-after relation in the mounting order for the  3o components; and a
task order determining unit which, in the case where a  component group to
be mounted in one iteration of a repeated series  173 of operations
composed of pickup, transportation and mounting of  the components
performed by the mounting head is defined as a  task, divides all
components into tasks in a state that the mounting  order determined by
said mounting order determining unit is 5 maintained, and determines a
mounting order for the divided tasks.  [42] A component mounter comprising
a unit operable to mount  components based on a control procedure
determined by an  operating time reducing method, 10 wherein said operating
time reducing method is a method for  reducing operating time in a
component mounter, said method  including: an operation loss identifying
step of identifying an operation  loss to be resolved in the component
mounter; 15 a processing procedure selecting step of selecting, based on
the identified operation loss, a processing procedure for reducing an  



operating time of the component mounter; and a processing procedure
executing step of executing the  selected processing procedure. 20 [43] The
component mounter according to Claim 42, wherein when an operation loss
caused by a component  mounter provided with a rotary head that, in a state
rotating about  an axis, picks up components and mounts the components onto
a 25 board is identified in said operation loss identifying step, a
processing procedure is selected in said processing procedure  selecting
step, the selected processing procedure is a method of determining
component mounting order in a component mounter that mounts a  30 plurality
of components onto a board, a board mark provided on a board for board
positioning or a  point included in component mounting points where a
component is  -174 mounted first is defined as a start point, for arbitrary
two points among a plurality of component  mounting points and the start
point, a distance between the two  points or a time duration necessary from
completion of mounting of 5 a component to one point of the two points
until completion of  mounting of a component to the other point is defined
as a cost for  the two points, a point set up hypothetically as a last
movement point is  defined as a dummy point, and 10 the component mounting
order determining method  including: a component mounting point information
acquiring step of  acquiring position information concerning the plurality
of  component mounting points and the costs for two points among the 15
plurality of component mounting points, the start point and the  dummy
point; 



a traveling path calculating step of calculating a traveling  path that
passes individual points so as to minimize a sum of the  costs for two
points among the start point on the board, the dummy  20 point and the
plurality of component mounting points; and a mounting order determining
step of determining the  component mounting order based on the traveling
path. [44] The component mounter according to Claim 42, 25 wherein when an
operation loss caused by a component  mounter in which a mounting head for
holding and transporting a  plurality of components mounts the plurality of
components onto a  board is identified in said operation loss identifying
step, a  processing procedure is selected in said processing procedure  so
selecting step, the selected processing procedure is a component mounting
order determination method of determining mounting order in the  175 case
where components are mounted onto a board by a component  mounter provided
with a mounting head that picks up and transports  a plurality of
components so as to mount the plurality of components  onto the board, 5
for arbitrary two points among a plurality of component  mounting points
and a dummy point which is a point set up  hypothetically, a distance
between the two points or a time duration  necessary from completion of
mounting of a component to one point  of the two points until completion of
mounting of a component to the  io other point is defined as a cost for the
two points, the dummy point is defined as a point set up as a start point
and an end point of component mounting, and the component mounting order
determination method  includes: 15 a component mounting point information
acquiring step of  acquiring position information concerning the plurality
of  component mounting points and the costs for two points among the  



plurality of component mounting points and the dummy point; a traveling
path calculating step of calculating a traveling  20 path in which the
dummy point serves as a starting point and an end  point and which passes
individual points such as to minimize a sum  of the costs for two points
among the plurality of component  mounting points and the dummy point; and
a mounting order determining step of determining the  25 component mounting
order based on the traveling path. [45] The component mounter according to
Claim 42, wherein when an operation loss caused by a component  mounter in
which a plurality of mounting heads each for holding and  so transporting a
plurality of components mount alternately the components onto one board is
identified in said operation loss  identifying step, a processing procedure
is selected in said  176 processing procedure selecting step, the selected
processing procedure is a component mounting  order determination method of
determining mounting order in the  case where a plurality of mounting heads
alternately mount  5 components onto one board, each mounting head is a
head that picks up and transports a  plurality of components so as to mount
the plurality of components  onto the board, a component group to be
mounted in one iteration of a  10 repeated series of operations composed of
pickup, transportation  and mounting of the components performed by each
mounting head  is defined as a task, and the component mounting order
determination method  includes: 15 an assignment step of assigning
components to be mounted  onto the board to any one of the plurality of
mounting heads so that  the number of tasks assigned to each of the
plurality of mounting  heads becomes uniform; and 



a task generating step of generating each task for the  20 components
assigned to each head so that a time duration from  completion of component
mounting in the task of a particular  mounting head until start of
component mounting in the task of the  next mounting head is minimized. 25
[46] The component mounter according to Claim 42, wherein when an operation
loss caused by a the case where,  in a component mounter in which a
mounting head for holding and  transporting a plurality of components
mounts the plurality of  components onto a board, a board carrying-in time
which is a time ao duration after the components have been mounted onto the
board  until the next board is carried in to a board stop position in the
component mounter is greater than a predetermined threshold is  - 177
identified in said operation loss identifying step, a processing  procedure
is selected in said processing procedure selecting step, the selected
processing procedure is a method of reducing an  operating time in the case
where components are mounted onto a  5 board by a component mounter
provided with a mounting head that picks up and transports a plurality of
components so as to mount the  plurality of components onto the board, and
the operating time reduction method includes: a board carrying-in time
calculating step of calculating a  lo board carrying-in time which is a
time duration after the  components have been mounted onto the board until
the next board  is carried in to a board stop position in the component
mounter; and a timing determining step of determining, when one iteration
of a repeated series of operations composed of pickup and mounting  15 of
the components performed by the mounting head is defined as a task, timing
of pickup of components in a first task so that pickup of  the components
in the first task for a board carried in is started  within the board
carrying-in time. 20 [47] The component mounter according to Claim 42, 



wherein, in a component mounter in which a mounting head  for holding and
transporting a plurality of components mounts the  plurality of components
onto a board, and a component group to be  mounted in one iteration of a
repeated series of operations 25 composed of pickup, transportation and
mounting of the  components performed by the mounting head is defined as a
task,  when an operation loss caused by the presence of a task in which the
components have mutually different component transportation  speed limits
for the mounting head or by the presence of a task in 30 which the
components have mutually different component  transportation acceleration
limits for the mounting head is identified  in said operation loss
identifying step, a processing procedure is  -178 selected in said
processing procedure selecting step, the selected processing procedure is a
component mounting  method of mounting a plurality of components onto a
board by using  a holding unit that holds and transports the plurality of
components,  5 and the component mounting method includes: a speed
identifying step of identifying a transportation speed  limit for the
holding unit corresponding to each of the plurality of  components; to a
determination step of determining handling order for the  plurality of
components performed by the holding unit based on the  transportation speed
limits so that a time duration that a component  having a lower
transportation speed limit among the plurality of  components is held by
the holding unit is reduced; and 15 a mounting step of handling the
plurality of components with  the holding unit in accordance with the
handling order determined in  said determination step, and moving the
holding unit at a speed not  exceeding the lowest transportation speed
limit of the components  held by the holding unit so as to mount the
plurality of components  20 onto the board. 



[48] The component mounter according to Claim 42, wherein when an operation
loss caused by interference, which  is collision between components or
between a component and a  25 mounting head that could occur at the time
that a component mounter provided with a mounting head mounts a component
on a  board, is identified in said operation loss identifying step, a
processing procedure is selected in said processing procedure  selecting
step, 30 the selected processing procedure is a component mounting  order
determination method of determining mounting order in the  case where
components are mounted onto a board by a component  179 mounter provided
with a mounting head that picks up and transports  a plurality of
components so as to mount the plurality of components  onto the board, and
the component mounting order determination method  5 includes: a mounting
order determining step of determining mounting  order onto the board based
on a restriction condition concerning  before-after relation in the
mounting order for the components; and a task order determining step of, in
the case where a  1o component group to be mounted in one iteration of a
repeated series  of operations composed of pickup, transportation and
mounting of  the components performed by the mounting head is defined as a
task, dividing all components into tasks in a state that the mounting
order determined in said mounting order determining step is 15 maintained,
and determining mounting order for the divided tasks.  -180 






